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Rainy Day Problems at Panama. 


The canal work going on now at the Isthmus 
of Panama is far more interesting than anything 
done heretofore, for the present rainy season, 
which will last for the remainder of the year, 
will thoroughly prove the ability of the organiza- 
tion there to overcome the difficulties that have 
given the Isthmus its notorious character. No 
one who has personally witnessed the manner in 
which the work is going forward now will be at 


all apprehensive of the successful prosecution of 


the undertaking. In spite of the magnitude of 
the operations, their details have been developed 
until everything moves along with the precision 
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of clockwork, even in the face of tropical down- 
pours and sudden floods in the rivers. The oper- 
ations are now being conducted like those of a 
victorious army in the field. There may be a 
check in some place, a withdrawal in another 
place, but the general movement is steadily for- 
ward and shows everywhere the guidance of a 
master spirit. The Isthmus is a long distance 
from the United States, however, and if the 
amount of excavation should fall off during a 
number of consecutive months, some people may 
form an opinion that disaster threatens the enter- 
prise. It is unfortunate in one way that so much 
attention has been drawn to the monthly excava- 
tion records in the past, for they are liable to 
be influenced by so many causes that a succession 
of low monthly outputs is entirely possible, but 
will be of trifling real significance, however dis- 
turbing it may be to the observer unfamiliar with 
the working conditions. 

It is generally consideved that the construction 
‘of the canal is a matter of excavation, aside from 
the Gatun dam and the three sets of locks. This 
view of the problem is correct, but is misleading 
on account of the peculiar conditions surrounding 
excavation on this Isthmus. There are some 
places along the line where the material excavated 
can be hauled to dumps only a short distance 
away, but the average haul from the Culebra Cut 
is already more than 10 miles for each spoil train. 
This statement will not mean very much, except 
to those engineers and contractors familiar with 
heavy excavation, who will understand something 
of this part of the work when it is borne in mind 
that during April the total steam shovel excava- 
tion in the Culebra division was over 1,242,000 
cu. yd., and it was this enormous output which 
had to be hauled more than to miles before it 
could be dumped. The question naturally arises 
why such an excessive haul is necessary, and the 
answer to this question can only be fully appre- 
ciated after a visit to the Isthmus. After going 
over the line a few times it will be apparent that 
the number of places where the excavated earth 
and rock can be dumped outside of the canal 
prism is limited. In certain places along the line 
there are dumping grounds just about large 
enough to receive the materials excavated in the 
immediate vicinity, so that the problem of excava- 
tion and fill there is not very unlike that of the 
average railroad. But at the Culebra Cut, where 
excavation is proceeding on many levels, only the 
material from the upper levels can be sent to 
near-by: dumping places, on account of the pro- 
hibitory grades which would be necessary to get 
cars from the lower levels to them, and also on 
account of the limited capacity for receiving spoil 
of these places. The problem of excavation is, 
therefore, intimately associated with that of 
dumping grounds, and a great deal of attention 


has been paid during the past year to the selec- 


tion of these sites so as to reduce the cost of 
transportation to a minimum. Even with the 
study devoted to the subject a large amount of 
the material has to be transported long distances. 

To understand the transportation problem, it 
is necessary to visit the Isthmus at the beginning 
of the rainy season, before everything is in com- 
plete shape for resisting the effects of the daily 
tropical rainstorms. During the dry season the 
tracks can be maintained without difficulty, but 
as soon as the storms begin, the material in the 
cuts assumes an intensely sticky, slippery charac- 
ter. The passage of the numerous spoil trains 
over the tracks quickly pounds this sandy clay 
into a half-liquid mud, on which the crossties 
slide about at the slightest provocation. It is, 
accordingly, necessary to ballast all tracks, except 
loading tracks, with broken stone, at the begin- 
ning of the wet season, for if this is not done. the 
whole transportation system will scon be tied up. 
At the present time there is something like 145 
or 150 miles of construction tracks in use in the 
Department of Excavation and Dredging, of 
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which about 10 per cent. is shifted each month, 
figures which show the extent of the track-main- 
tenance problem. The difficulties are enhanced in 
the Culebra Cut by the land-slides, which are 
more troublesome than was anticipated. When 
one of them begins, nobody can tell when it will 
end. The phenomenon is more like a glacial flow 
than an ordinary landslip. .The material does not 
cave in or slide forward from the top, as a rule, 
but a whole hillside slips slowly downward to 
the canal prism. When one occurs not only steam 
shovels and loading tracks are thrown about, but 
sometimes the main transporting tracks are so 
interfered with that a good deal of trouble re- 
sults. The present season will probably dem- 
onstrate better than the 1907 rainy season just 


what is to be expected from these occurrences. 


They are certainly not insurmountable nor, need 
they cause any apprehension concerning the main- 
tenance of the canal after it is opened to navi- 
gation, but they will increase the anticipated 
cost of the work and materially strengthen the 
arguments against the construction of a sea-level 
canal. 

Another feature of the transportation problem, 
equally important with the maintenance of the 
running and the loading tracks in the cuts, exists 
on the dumps. So far as the total output from 
the shovels is concerned, it makes no difference: 
whether trains are held up on the dumps, on the 
running tracks or on the loading tracks; the 
effect is just the same in keeping the shovels idle. 
The problem on the dumps is a difficult one for 
two reasons, the excessive rainfall and the charac- 
ter of the materials which form the dumps. This 


material is either a slippery clay or an argillaceous 


sandstone which becomes very slippery when ex- 
posed to the weather. In many places the dumps 
settle and slide in a few hours to such an-extent 
that it is impossible to rtin trains over some of 
the tracks, and consequently these settlements 
may delay operations materially. In addition to 
this complication the heavy rainfall reduces the 
dump surface to the condition of half-liquid mud, 
and it is just as difficult to keep the tracks in 
condition as it is in the cut. It is the practice 
to ballast all the important tracks on the larger 
dumps, and even the dumping tracks are ballasted 
somewhat in some places. It is important to 
bear in mind, therefore, that the excavation of 
the canal is not simply a question of keeping 
enough steam shovels at work, but is a far more 
complicated problem, involving the management 
of running lines and the maintenance of a large 
number of dumps. Although the work is a com- 
plex one and likely to be interrupted temporarily, 
it is absolutely certain, however, that it can be 
completed as soon as the dam and locks. 

These remarks may sound somewhat dismal, 
but the engineer who will take the time to visit 
the Isthmus during the rainy season will see 
very little there which is indicative of lack of 
spirit. With the possible exception of. afew 
track foremen, whose experience has been gained 
in the tropics on roads where the maximum traf- 
fic probably does not exceed half a dozen trains 
daily, the whole construction army seems to be 
happy and contented, confident in the successful 
outcome of their work, and taking a just pride 
in their share of it. No other feeling than this 
would keep men at work in the cuts and on the 
dumps during tropical down-pours, when an ex- 
posure to the rain for a couple of. minutes results 
in a complete soaking from head to foot. A 
couple of years ago all work would stop, as a 
rule, whenever the rain amounted to enough to 
stop a baseball game in the States; at the present 
time rains will stop nothing provided work has to 
be done. This exposure to the elements appar- 
ently brings no injurious results to. the health of 
the men, and the fact that. they willingly submit 
themselves to it is eloquent testimony to the spirit 
that animates everybody connected with the .great: 
enterprise. 


710 
The Education of Engineers. 


At this season of the year, when the various 
schools of engineering of the country are send- 
ing forth young men to begin their professional 
careers after a more or less effective educational 
training, it is natural to expect some comments 
on the subject of engineering education, although 
it has probably been discussed as much as any 
other one topic connected with the profession of 
engineering. It is a subject on which there is 
room for practically infinite variety of opinion, 
usually stated with the confidence of certain 
knowledge, even though that certainty may not 
be born of very extended experience in the work 
of instruction. Although the result is almost a 
discouraging maze of diverse judgments, these 
differing comments aid in materially improving 
the quality of professional educational training 
given to engineers from year to year. This lack 
of harmony of judgment upon so important a 
topic has its advantageous side, and is by no 
means characteristic of the opinions of those alone 
who have not had experience in the class-room, 
for the annals of the Society for the Promotion 
of Engineering Education show at least an equal 
divergency of views on the part of the engineering 
instructors of the country. 

It has been quite customary to indulge in cer- 
tain trite and hackneyed forms of caution or ad- 
vice to young engineers in beginning their pro- 
fessional careers to the effect that they have not 
yet attained to the sum of all engineering knowl- 
edge, and that it is scarcely reasonable for them 
to expect the position of chief engineer to be 
offered to them before they have had some ex- 
perience in the practical work of life, all of which, 
of course, is intended as the admonition of a 
superior, perhaps, to an over-ambitious sub- 
ordinate. To the great majority of instructors 
who have been engaged for any considerable 
length of time in teaching engineering students, 
such admonition or patronizing advice seems 
both highly unnecessary for the young engineer, 
and not altogether creditable to his elders who 
too frequently assume this attitude of superiority. 
As a matter of fact, the effect of the instruction 
received in the best engineering schools of the 
country at the present time is, among other things, 
distinctly in the direction of giving to the young 
engineering graduate a correct perspective of his 
real relation to his future career. There are 
manifestly some exceptions to this statement, per- 
haps many in the aggregate, but the percentage 
which represents them is certainly small. There 
is probably no one feature of the educational 
training of young engineers which is impressed 
upon them more frequently or more forcibly by 
the average instructor than the fact that what 
they learn in the class-room is at best but the be- 
ginning of their actual preparation for profes- 
sional accomplishment, although a most important 
beginning and not extravagantly characterized at 
this time as an imperative preparation for their 
best work. In other words, it is very rare that 
any engineering student acquires in the class- 
room any undue or exaggerated appreciation of 
his own qualifications for the actual work be- 
fore him. It is well that he should have a suff- 
cient appreciation of what he learns to create in 
him a reasonable degree of confidence and self- 
reliance so fundamentally essential for effective 
initiative in all professional work really worth 
doing. When, therefore, an occasional experi- 
enced practitioner expresses a desire to have the 
young engineer “dehorned” before being taken 
into his employ, it is not unlikely that the mis- 
fortunes of his contact with young engineers may 
have arisen at least partly from his desire to 
exhibit practical smartness to the novitiate. 

It can scarcely fail to be evident to any one 
who takes the trouble to examine closely the 
quality of professional education now given to 
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young engineers that the latter are exceedingly 
fortunate in at least two opposite characteristics 
of the educational training which they are receiv- 
ing. Reference is here made both to the math- 
ematical or so-called theoretical instruction which 
they are given, and to the well-considered exer- 
cises which they perform in the applications of 
those analyses to the actual works of the engi- 
neer. It is not to be thought for a moment that 
any engineering school in the country is perfec- 
tion in either of these respects; but the frequent 
discussion and comment to which engineering 
education has been subject during the last few 
years has certainly had the effect of demonstrat- 
ing conclusively the necessity for both these lines 
of educational work in the technical schools. 
Much has been said and written about the charac- 
ter of mathematical exercises which should be 
given to the engineering student, some of which 
is wise and has judiciously affected the corre- 
sponding instruction work and some unfortu- 
nately has been of less excellent character, but 
fortunately without much effect. It has come to 
be generally recognized that the precision and 
accuracy of mathematical work may be and are 
made the means of most admirable mental train- 
ing needed above all things by the engineer. At 
the same time it is equally well admitted that the 
purpose of mathematical training is not that of 
abstract mental gymnastics, but is to afford a 
means by which various elements of engineering 
problems may be so handled or treated as to en- 
able the professional man to reach the best pos- 
sible solution in view of all the actual conditions 
of his work. And this brings one to the so- 
called practical side of educational training, which 
has been most effectively developed at the present 
time. 

There are few, if any, courses of engineering 
study in the country in which the student is not 
well and wisely drilled in the application of his 


‘purely analytic work to the general problems of 


engineering, whether that be in the broad field 
of civil engineering or in the special fields of the 
manufacture, transmission and application of 
power. This is not by any means saying that the 
practical work of the field, of the office or the 
shop can be wisely or otherwise brought into the 
class-room, for it cannot be. The sooner an in- 
structor realizes this fundamental fact and 
governs his practical. work of instruction accord- 
ingly, the sooner will his work be effective and 
successful. The engineering school is not the 
place where the young engineer is to ‘gain his 
experience, his subsequent life-work is the only 
place where he can get that, but rather it is to 
acquire the analytic or philosophic basis for his 
actual professional work without which that work 
can never be well rounded or fully effective. In 
this direction the educational training of young 
engineers has been remarkably developed within 
the past twenty-five years and is being still de- 
veloped. Engineering instructors as a body 
realize these fundamental truths, and fortunately 
for the profession are shaping their work to even 
higher and more effective results than they have 
already accomplished. Indeed, their work has 
come to be the true basis of the profession as it 
now stands. 


The Diversion of Water to Distant Con- 
sumers. 


A few months ago attention was called in this 
journal to the suggestions made by a Royal Com- 
mission in Great Britain that the water supplies 
of the country should be controlled by river-dis- 
trict boards supervised by a national commission, 
so that all water might be utilized to the best ad- 
vantage and be distributed equitably among dif- 
ferent consumers, whose numbers are increasing 
so rapidly that their water supply has become a 
complicated problem. -A somewhat similar situa- 
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tion has arisen in the northeastern part of the 
State of New Jersey. There a considerable num- 
ber of private companies and municipalities are 
supplied by the East Jersey Water Co. with water 
taken from the Passaic River. It is only by a 
very liberal construing of the term that some of 
these consumers can be considered as being in the 
Passaic valley. The company mentioned is not 
universally popular and as a result of feeling 
against it a suit was brought by the City of 
Paterson some two years ago to prevent any fur- 
ther diversion of the waters of the river. A pre- 
liminary decision was handed down by the court 
of equity of the State a couple of weeks ago and 
although it is not complete, further hearings to 
settle minor points being necessary, it is a con- 
firmation of the views expressed by courts in 
other States, that water must not be diverted from 
the drainage area of a stream to supply consum- 
ers outside of that area, provided such diversion 
affects the rights of lower riparian owners. 


The city of Paterson brought suit as a riparian 
owner on the ground that it was the owner of 
property on the Passaic River some of which ex- 
tended to the center of the river bed and other 
portions merely to the water’s edge. The court 
ruled, and this decision may become an important 
precedent under certain conditions, that riparian 
ownership as far as the edge of the stream is 
as effective as ownership of the river bed in giy- 
ing a right to the flow of the river subject only 
to the diminution incident to lawful and reason- 
able uses of the water by upper riparian owners 
or those claiming the privilege of such use by 
lease. The New Jersey Court of Errors and Ap- 
peals has recently decided that a diversion of the 
waters away from the riparian lands for the pur- 
pose of sale does not fall within the lawful and 
reasonable uses permitted to riparian owners. 
Such diversion for purposes of sale is now held 
to be a violation of the right of the riparian 
owner, according to Vice-Chancellor Emery, even 
without proof of any actual perceptible damage. 
When such a right of diversion is claimed, as in 
this case, and for long periods of time and in 
considerable quantities, the complainant is en- 
titled to equitable relief for the purpose of pre- 
venting the acquisition by the defendant of any 
adverse right of apropriation, independent of any 
question of present damage. He makes the fur- 
ther important ruling that the effect of the di- 
version upon the riparian lands must be deter- 
mined by a comparison of its amount with the 
low-water flow of the river and not with its 
average flow, including floods and high water. 
On this basis the quantity diverted by the East 
Jersey Water Co. is held to amount. during times 
of low water to an appreciable diminution of the 
stream, so considerable that equitable relief can- 
not be denied to the city of Paterson. 


The issue of an injunction is the ordinary pro- 
tection given a riparian owner to prevent any fur- 
ther infringement of his rights by the diversion 
of water or by its pollution by upper riparian 
owners. The effect of the injunction, as is well 
known, is to prevent any continuation of these 
unlawful acts. It is self-evident, however, that 
an injunction will work great harm in some cases, 
shutting off the supply of water to communities 
which depend upon it solely or in other cases 
absolutely preventing the use of sewerage sys- 
tems. Acordingly the courts, in such cases, sub- 
stitute for an injunction the award of compensa- 
tion to the injured parties.. In the present case 
the court rules that so far as any increase in 
the quantity of water diverted is concerned, the 
city is entitled for its future protection to an in- 
junction restraining such increase except under 
certain conditions, which are mentioned. The fix- 
ing of equitable terms and conditions of enjoin- 
ing the present diversion, however, including the 
question of the time when it should be directed to 
begin, involves many special inquiries, both as to 
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law and facts, on which the parties to the suit 
must be further heard. The complicated nature 
of a case of this sort in a district which is well 
settled is shown by the nature of the inquiries 
which the court directs to be made. In the first 
place, it is considered desirable to determine 
whether the diversion during periods of low- 
water in the river should not now be enjoined, 
except for municipalities formerly obtaining their 
supply from the Passaic River below Paterson, 
which have been obliged to abandon this source 
of supply because of the pollution of the river by 
the sewage of that city. It is suggested that an 
injunction need not be directed against the supply 
of water by the company to these communities 


\ until after the city of Paterson has ceased to pol- 


lute the river. It is also suggested that an in- 
quiry should be made as to whether any of the 
corporations supplied with water by the East 
Jersey Water Co. has the right of condemning 
water rights in aid of the company’s diversion; 
if so, it might be well to hold back any injunc- 
tion against such consumers until they have had 
a reasonable time to carry out condemnation pro- 
ceedings. It is further suggested that in the case 
of municipalities not now having such right of 
condemnation, the injunction might be withheld 
until after the termination of the next session of 
the legislature, in order to give them an oppor- 
tunity to apply for such a right. This course has 


been adopted in other cases where an imme- 


diate injunction would destroy the sole supply of 
water and thus imperil public health. An in- 
quiry is also suggested concerning the complica- 
tions of the water supply of the city of Pater- 
son itself. The Passaic Water Co. takes its sup- 
ply from the river and delivers it to the East 
Jersey Water Co. to be purified and returned to 
it; it then supplies the city of Paterson with this 
filtered water. It is evident that this situation is 
a complicated one; for if the city insists upon an 
injunction against the East Jersey Water Co. it 
may shut off its own water supply. The vice- 
chancellor further suggests that arguments should 
be produced as to whether any injunction now is- 
sued against an increase of the quantity of water 
diverted from the river should not allow an in- 
crease necessary from growth of population or 
otherwise during the time for which the injunc- 
tion against the diversion of the present supply 
may be suspended. 


Attention is called to all these complications be- 
cause they illustrate the unfortunate condition of 
water supply undertakings certain to arise with 
the growth of population in any district of limited 
extent. Water is rapidly becoming a pretty valu- 
able article in a good many sections of the coun- 
try. Large cities demand enormous supplies and 
in going far afield for them are likely to enter 


_ drainage areas which cannot by any stretch of the 


imagination be considered a part of the catchment 
basin on which they are located. The situation in 
northeastern New Jersey is practically the same as 
that in eastern Massachusetts, and complications 
of a different character, but equivalent effect, ex- 
ist in southern California. As a result, the engi- 
neer interested in water supply undertakings is 
likely to find himself seriously hampered’ before 
long by a snarl of judicial precedents and undi- 
gested laws which prevent the utilization of water 
resources to their utmost capacity. As situations 
of this sort become more apparent and their re- 
straint on the development of towns and cities 
becomes evident, it is but reasonable to anticipate 
a thorough overhauling of our laws regarding 
water supplies in order that the subject may be 
put upon a simple and equitable basis and the 
conservation of water resources may be attended 
to by commissions making a specialty of such 
work. The time has gone by in a number of well- 
settled districts when the independent develop- 
ment of water resources should be permitted 


longer. 
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Notes and Comments. 


Tue PortLAND CEMENT TENDERS recently 
opened by the Isthmian Canal Commission, which 
are summarized in the Current News Supplement 
of this issue, are the most important ever sub- 
mitted for an American enterprise, and will be 
examined with great interest, particularly as for- 
eign cement manufacturers were permitted to bid. 
The enormous quantity of cement called for, the’ 
fairness of the specifications, the reliability of the 
purchaser, and the outlook in the construction 
fields in this country and Europe, all tended to- 
ward bed-rock quotations. 

s 


THE PROTECTION OF STEEL REINFORCEMENT by 
the concrete in which it is bedded has been in- 
vestigated by the National Physical Laboratory 
of Great Britain, and the results of the experi- 
ments there confirm the observations made previ- 
ously by many engineers. The tests show that 
both bright steel bars and those bedded in the 
concrete without removing the scale from them 
are thoroughly protected from rust, even though 
the concrete is covered with water several times 
a week for a year and afterwards left in the open 
air for three months. These tests are particularly 
important, coming from the National Physical 
Laboratory, because the Local Government Board 
of Great Britain has shown itself extremely con- 


_ servative in the matter of permitting the use of 


reinforced concrete. 

Tue New York State HicHways are to be 
managed after this year by an entirely different 
organization from that hitherto in charge of them. 
An act recently signed by the governor places the 
control of this work under a State Highway Com- 
mission, consisting of three members, each serv- 
ing six years. The chairman will have a salary 
of $6,000 and the others $5,000 each. The law 
requires one of them to be a civil engineer ex- 
perienced in the construction of highways and 
bridges, and one of the commissioners must be a 
member of the minority party. There will be 
two deputy commissioners, each receiving $3,500 
a year, both of whom must have had experience 
in road building. One of these deputies will be 
in charge of State and county highways and the 
other in charge of town highways and bridges. 
The new law provides for four distinct classes 
of highways: trunk roads connecting important 
cities and built entirely at the expense of the 
State, county roads connecting the important 
points in each county and constructed at the joint 
expense of the State, county and towns traversed, 
town highways connecting various points in each 
town with the county highways and built at the 
joint expense of the State and the towns, and 
local roads, built entirely by the towns. It will 
be seen that a marked change in the new law is 
the construction of main roads entirely at the 
cost of the State. Nearly forty different routes 
are specified for the trunk highways and many 
of these routes are very long. Three of them run 
from New York City toward Albany, and an- 
other lies through the southern counties of the 
State between Buffalo and New York. In con- 
structing these main roads the Commission is 
authorized to abolish all grade crossings, and 
in building county highways it has the same 
privilege. The law does away with the “labor 
system” of road work and substitutes the “money 
system.” The latter is strongly in favor in most 
parts of the State, even where it has not yet 
been adopted, although but a comparatively short 
time ago it was bitterly opposed. The construc- 
tion will be under the charge of six division 
superintendents, each of whom must be a civil 
engineer and will be paid $3,000. Under the 
division superintendents there will be the county 
or district superintendents, who will be in charge 
of the work in their respective counties or groups 
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of counties. The lowest officials will be the town 
superintendents, responsible to the district or 
county superintendents. These town superintend- 
ents are authorized to request the services of 
county prisoners for highway work. The new 
Commission is given power to regulate the widths 
of tires and to prohibit the use of chains or 
armored tires on automobiles. The new law is 
the result of an.active campaign carried on by 
officials of a number of counties not satisfied with 
the operation of the laws now in force. Whether 
the changes will be beneficial or not can only be 
determined by the test of time. A great deal 
will depend, of course, upon the character of the 
men appointed as commissioners by the governor 
and upon the character of their staff. The pro- 
posed organization is a decidedly expensive one, 
and the distribution of the cost of the highway 
work between the State, the counties and the 
towns will throw a much larger burden of the 
cost of good roads upon the larger cities, the 
main contributors to the State’s funds, than has 
been the case in the past. There may therefore 
be a tendency to build the through roads, con- 
structed entirely at the State expense, and to 
delay the construction of the subordinate roads, 
which must be paid for in whole or in part by the 
local taxpayers. Consequently, when the Legis- 
lature happens to be of a liberal turn of mind, 
State roads will probably be materially encour- 
aged, while during periods of legislative economv 
the construction of roads depending on State aid 
will practically cease. Taken all in all, the new 
law must be looked upon as something of an ex- 
periment. 


THE Supway Situation in Greater New York 
has been somewhat changed by the action of the 
Interborough Rapid Transit Co. last week in 
offering to build the equivalent of two sections 
of the so-called Fourth Avenue subway in Brook- 
lyn for the sum of $1,200,000, very much less 
than the actual cost of construction. Contracts 
for building six sections of this subway have been 
awarded, but a good many people believe that the 
actual completion of these contracts is likely to 
be a remote event, for a number of reasons that 
need not be discussed again at this time. The 
offer of the Interborough company to construct 
a subway from its present line in Flatbush Ave. 
to the new Manhattan Bridge and over that struc- 
ture to a connection with the Third Avenue ele- 
vated line at Canal Street and the Bowery, Man- 
hattan, is as advantageous to the city as to the 
company. It means the saving of several million 
dollars to the city by rendering unnecessary the 
construction of two sections of the Fourth Avenue 
subway, and at the same time, under the com- 
pany’s- promise to give transfers from the new 
line to the Manhattan elevated road, the citizens 
are insured a very long ride through two boroughs 
for a single five-cent fare. Moreover, this pro- 
posed route will utilize the Manhattan Bridge, 
something that is greatly to be desired in order 
that the Brooklyn Bridge may be relieved of a 
considerable part of its present traffic. Two criti- 
cisms have been made regarding this project: the 
first is that municipal ownership is absolutely 
essential and that any extension of the present 
hold of the Interborough Rapid Transit Co. 
upon the subways of the city should not be 
permitted, and the second is that the company’s 
proposal provides only for a double-track subway, 
although a four-track subway is bound to be 
needed within a comparatively few years. 
Whether this last contention is a valid one or 
not can only be settled by a careful study of 
traffic conditions which this journal has not 
made. It has no sympathy, however, with the 
claim that there is something so desirable in the 
mere fact of municipal ownership that the many 
advantages of the Interborough’s offer should 
not be accepted. 
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THE CATARACT DAM OF THE WATER-SUPPLY SYSTEM OF SYDNEY, 


THE ENGINEERING RECORD. 


NEW SOUTH WALES. 


A large concrete and stone masonry dam, in- 
volving various notable features of design and 
construction, has recently been completed in con- 
nection with the water-supply system of Sydney, 
New South Wales. This city, which has a population 
of over 500,000, obtains its supply from the Nepan 
and Cataract Rivers, with an available catchment 
area of 354 sq. miles. The average rainfall of 
about 50 in. a year over this area assures an ade- 
quate quantity to provide for a large growth in 
population, but an original reservoir at Prospect 
only impounded 5,446,000,000 imp. gal., which 
renders available an average of 20,000,000 imp. 
gal. per day, including the flow of the streams. 
For several years the water in this reservoir was 
drawn down during occasional droughts until it 
became evident that a further supply had to be 
developed. In fact, in 1902 a specially severe 
drought caused the water level in the reservoir 
to fall below the intake of the conduits leading 
from the latter to the city so that water had to 
be pumped into these conduits for 3 months. This 
condition of affairs resulted in a decision to 
secure an additional supply an an emergency 
measure. ; 

Since the water is delivered from the two rivers 
to the Prospect Reservoir by a system of canals 
and tunnels having a capacity of 150,000,000 gal. 
per day and the flood flows of the stream are 
much greater than that quantity, such flows could 
not be utilized fully. The conclusion was there- 
fore made to develop the water-shed fully by the 
construction of another dam. Following a thor- 
ough investigation of various projects by a 


sandstone was excavated until all seams and fis- 
sures had been followed out, a maximum depth 
of 35 ft. below the bed of the river being reached. 
As the dam rises to a maximum height of 157 ft. 
above the bed of the river, its total height is there- 
* fore 192 ft. from the base to the top. The ex- 
treme length of the dam at the crest is 811 ft., 
its top width is 16% ft., and its extreme bottom 
width 158 ft., with a maximum depth of water of 
150 ft. The body of the dam is composed of 
Cyclopean rubble masonry, consisting of bloeks of 
sandstone weighing from 2 to 4% tons, built to 
break joints both vertically and horizontally and 
to have a maximum amount of bond. These 
stones are imbedded in cement mortar, while the 
vertical joints between them are made with con- 


crete. The proportion of blocks to concrete and _ 


Downstream Face of the Completed Dam. 


Royal Commission, a site was selected 40 miles 
above the Prospect Reservoir and just below the 
confluence of that river with the Loddon River, 
at a point 50 miles southwest of Sydney. A 
reservoir haying a total impounding capacity of 
21,411,500,000 gal. has been developed by a dam 
at this site. This reservoir extends up the valleys 
of both rivers, with an extreme length of 19 miles 
and an area of approximately 2,400 acres. It 
further develops a portion of the water-shed 
tributary to the Prospect Reservoir, and will be 
used to maintain the level in the latter at or near 
the high-water mark. 

At the site of the dam the river passes through 
a narrow gorge with precipitous sides of sand- 
stone rock. This rock is of fairly good character, 


and as it is near the surface entirely across the © 


site, a very satisfactory foundation was secured 
for the dam. The cross-section of the latter re- 
sembles closely that of the new Croton Dam of 
the water supply system of New York City. The 


mortar is approximately 6.5 to 3.5. The up- 
stream face of the dam consists of 2.5 x 2 x 5-ft. 
concrete blocks, imbedded in and jointed with 
cement mortar made in the proportions of 375 Ib. 
of cement to 7% cu. ft. of sand. Between the 
facing of concrete blocks and the mass of ma- 
sonry is a layer of concrete having an average 
thickness of 3 ft. The downstream face of the 
dam is of concrete 6 ft. thick. 

A spillway 715 ft. long is built at one end of 
the dam to carry flood waters and prevent the 
structure being overtopped. The crest of this 
spillway is about 150 ft. above the bed of the 
river, the discharge over it being carried in a 
channel about an % of a mile long before it 
joins the river again. As the crest of the dam 
is about 7 ft. above the crest of this spillway weir, 
it is believed that ample precaution is made for 
any flood that may ever occur. The spillway and 
the channel extending from it to the river below 
the dam are entirely in rock excavation. 
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Sandstone blocks used in the masonry of which 


‘the entire dam between the two faces is com- 


posed were quarried as large as it was practicable 
to handle it with the available equipment, and 
were hewed to a rough rectangular form. No 
stone was less than 2 ft. in depth, nor was allowed 
to contain less than 20 cu. ft. when measured on 
its smallest dimension. Each stone was roughly 
picked to a true surface on its bed and no stones 
having a concave bottom surface were accepted. 
The remaining faces of the block were cut to 
approximately vertical and horizontal planes. The 
stones were used as they came from the quarry 
and were thoroughly washed before being laid, 
with a water jet not less than % in. in diameter 
working under a head of at least 100 ft. They 
were also thoroughly wetted immediately before 
they were laid, in order that they would not take 
up moisture from the mortar and concrete with 
which they came in contact. The stones were 
selected of such height as to avoid horizontal 


jointing and were generally laid on their natural 
bed, although where it appeared advisable, in 
order to obtain a maximum of irregularity in 
height, this rule was not followed. 

Three classes of concrete were used during the 
construction, as follows: the upstream facing 
blocks, the lining of vertical shafts leading to a 
gate chamber and all surfaces exposed to water 
were composed of concrete in the following pro- 
portions: 375 lb. of cement, 7% cu. ft. of sand, 
15 cu. ft. of bluestone and screenings; the blue- 
stone and screenings were in the proportions of 
3 parts of 2!4-in. stone to 2 parts of 34-in. screen- 
ings. The outside of 4-ft. blow-off pipes, a lower 
valve chamber, the filling for cut-off trenches and 
tunnels and the roof of a valve chamber on the 
down-stream side of the dam were all composed 
of concrete in the proportions of 375 lb. of cement, 


10 cu. ft. of sand and 20 cu. ft. of bluestone and ° 


screenings, the stone and screenings being in the 
same proportions and sizes as for the concrete 
previously mentioned. The concrete in the down- 


stream face of the dam, in the larger voids in the 


mass of the dam and between the facing blocks 
on the upstream side and the main part of the 
structure was made in the proportions of 375 
Ib. of cement, 11% cu. ft. of sand and 20 cu. ft. 
of 3-in. stone; bluestone was used in most cases 
for this concrete, but approved sandstone was 
occasionally accepted in lieu of it. Besides the 
special mortar used in bedding the upstream 
facing blocks, a mortar consisting of 375 lb. of 
cement to 12% cu. ft. of sand was used in bed- 


‘ding the stone in the mass of the dam and where 


the space between stones was too small for the 
third class of concrete. 

The sandstone used in the blocks forming the 
mass of the dam weighed 140 lb. per cubic foot, 
and a 12-in. cube of it showed a crushing 
strength of 276.3 tons per square foot. This 
sandstone does not resist the action of weather 
very well, although frost occurs only for a few 
days in each year. The faces of the dam were 
accordingly built of concrete to protect the in- 
terior masonry from deterioration. A very com- 
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plete system of drains was also introduced in the 
body of the dam, in order to collect and carry 
. away any water that may penetrate into the latter. 
These drains are located immediately behind the 
concrete blocks forming the upstream face of the 
structure, and connect at intervals with pipes lead- 
ing through the entire height of the dam from 
the upstream to the downstream face where they 
discharge. The flow from these drains with a 
depth of 106 ft. of water against the dam is said 
to be slight and the structure is said to be re- 
markably dry. Expansion joints were introduced 
in the concrete facing of the dam at intervals, 
with a view of confining the temperature cracks 
to these joints. No such cracks had developed at 
the time the data for these notes was collected, 
and it is believed that the large blocks of stone 
used, together with the bond obtained, have dis- 
tributed so fully the stresses due to changes in 
temperature, that no such cracks will result. 


A Construction View near the Valve House. 


Furthermore, the upper portion of the dam, in 
which such cracks might be expected, was com- 
pleted during cold weather, a condition that would 
tend to reduce temperature cracks. At the same 
time, as has been stated, frost generally occurs 
for only a few days each year. : 

The preliminary construction work was started 
with a force of day laborers under the direction 
of Government officials in October, 1902. These 
forces constructed highways, opened quarries, 
built construction railroads, designed and estab- 
lished all the construction plant and made a large 
part of the foundation excavation, in addition to 
clearing the reservoir stte. A considerable quan- 
tity of concrete was placed in the foundations and 
some of the mass stone masonry was built by 
force account. A contract for the completion of 
the construction of the dam within a period of 
two years, the contractors to have full use of the 
plant that had been installed, was awarded to 
Messrs. Lane & Peters in April, 1905. The work 
that had been done under the supervision of the 
government officials and the plant that had been 
installed to handle this work was described in The 
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Engineering Record of November 5, 1904. The 
plant covered in that description was used 
throughout the balance of the work, so will be 
referred to here only in outline. 

Two 1,200-ft. span Lidgerwood cableways, each 
with a capacity of 4% tons, were set up parallel 
with the axis of the dam in such a manner as to 
command the ‘site of the latter. One of these 
cableways was swung from traveling towers and 
the other for stationary towers, both being elec- 
trically operated by 53-in. double-drum hoists, 
driven. by two General Electric direct-current 
motors with series-parallel controllers. The hoists 
were arranged to handle light loads at high speed 
and the cableways were capable of operating at 
the rate of 30 trips per hour. The excavated 
earth and rock and the materials for the masonry 
were handled by these two cableways, several stiff- 


- leg derricks and traveling locomotive cranes. The 


sandstone used in the body of the dam was taken 


4 


from two quarries, one at each end of the site. 


The materials were transported to and from the 
cableways on berms formed on the sides of the 
valley. A Gates crusher, with a capacity of 40 
tons an hour, was installed at a quarry six miles 
from the dam, where stone was obtained for the 
concrete, and a narrow-gauge railroad was built 
to deliver stone from this quarry to the site. 
The cement was delivered to the work from a 
railroad station, 16 miles distant, in wagons hauled 
by traction engines and by teams. Sandstone suit- 
able for crushing was obtained about a half a mile 
away, at which point crushing and sand-washing 
plants were installed to furnish sand for the con- 
crete. 

Two electrically-driven cubical concrete mixers 
were set up’at one end of the dam in a position 
permitting materials to be delivered to them 
readily, and concrete to be handled from them to 
the cableways; or to the yard in which the con- 
crete facing blocks were cast. 
charge into portable buckets which were handled 
from them to the block yard or to the point where 
the cableways and derricks could reach them on 


The mixers dis-_ 
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4-wheel trucks running on narrow-gauge tracks. 

The block yard was laid out on a level space 
and was entirely floored over. A number of 
parallel tracks for a traveling crane were placed 
lengthwise of this yard with their rails about 
level with the top of the molds for these blocks. 
The trucks on which the buckets were delivered 
to the yard from the mixers operated on the 
same rails which carried the trucks of the travel- 
ing crane. The molds were placed in rows be- 
tween the raised tracks, so when a bucket of 
concrete reached the mold for which. it 
designated, it was lifted from the truck by a 
traveling crane and its contents discharged into 
this mold. After the blocks had hardened for 24 
hr. they. were picked up by one of the traveling 
cranes and carried to an adjoining seasoning 
ground, where they were allowed to harden for 
2 or 3 weeks before being built into the dam. 

As. the ordinary flow of the river is small in 


was 


A Typical Section of the Rock Foundation. 


dry weather, during construction it was diverted 
at the site from its natural channel into a 12-ft. 
channel parallel with it. Before the masonry had 
been carried up high enough to close this diver- 
sion channel four 48-in. pipes were placed through 
the dam to carry the flow of the stream during 
the balance of the construction; two of these 
pipes were fitted with valves and are for perma- 
nent blow-off service, but the other two were 
provided for construction purposes only. The 
‘valves for the two permanent pipes were in a 
house on the downstream side of. the dam, this 
house being covered with reinforced concrete to 
provide against damage by water overtopping the 
work during progress. The contracts provided 
that the valves should be left opened until the 
lowest portion of the wall reached a level of ap- 
proximately 80 ft. above the river bed. Following 
an exceedingly dry period of 15 months’ duration 
the flow in the stream became so small that one 
48-in. pipe was more than sufficient to carry it. 
As the supply for the city was becoming badly 
depleted, an arrangement was made with the con- 
tractors to close the valves. and impound such 
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water as could be obtained. Immediately before 
this was done the lowest portion of the structure 
was 76 ft. above the bed of the river and the gap 
at that height was about 65 ft. in width. As a 
strange coincidence, within an hour after the 
valves were closed and following the 15 months 
of dry weather, a heavy rainfall began, with the 
result that a total rainfall of 10 in. occurred in 
the catchment area in the following 12 hr. This 
exceedingly heavy storm caused the water to rise 
and:flow over the dam to a depth of 15 ft. in the 
gap, the reservoir above the completed portion of 
the dam holding at the time an estimated quantity 
of 2,000,000,000 gal. of water. In order to re- 
duce the head against the dam one of the 48-in. 
valves was opened, but the other three could not 
be used because they had been set only a short 
time and it was not deemed advisable to risk the 
high velocity of the water passing through them. 
The rain ceased the following day, and within a 
very few days following the discharge from the 
open valve and that flowing over the uncompleted 
work reduced the level of the lake to the top of 
the masonry so the valve was partially closed and 
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The dam contains a total of about 146,000 cu. 
yd. of masonry of all kinds; 111,455 cu. yd. of 
Cyclopean masonry was used in the body of the 
dam; 1,975 cu. yd. of rubble masonry, and 8,996 
cu. yd. of facing blocks; 19,000 tons of cement 
were required for various purposes. The total 
excavation included 215,000 cu. yd. of material, 
most of which was rock. The total cost of the 
entire work was approximately $1,665,000, which 
includes the following: Clearing, excavation, con- 
crete, outlet work, 7 miles of highway leading 
to the site, the river diversion, valve house, sani- 
tary, medical and insurance charges, supervision 
and contingencies. The construction plant used 
on the work cost $165,500, but only half of this 
sum was included in the total cost of the dam, 
because the other half can be charged to additional 
work on which the same plant can be used. 

Mr. L. A. B. Wade, M. Inst. C. E., chief engi- 
neer for rivers, water supply and drainage, was 
in charge of the design and construction of the 
dam. This’ journal is indebted to Mr. Wade for 
the photographs and information from which this 
article has been prepared. Mr. E. M. de Burgh, 
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The Cost of Preventing Boiler Scale. 


Some time ago Mr. Arthur D. Little, of Boston, 
was called upon by one of his clients controlling 
a considerable number of boiler plants, to study 
the conditions in them with a view to standard- 
izing the methods of preventing boiler scale and 
reducing the expense of this work. Obviously 
his report cannot be made public in its complete 
form, but a general abstract follows. 

In seven mills Mr. Little found soda ash and 
kerosene in use either alone or in combination 
with each other, while in three mills a sumac 
compound was employed. The price of the latter 
was 10 cents per pound, its approximate composi- 
tion being: Water, 29 per cent.; insoluble mat- 
ter, 9 per cent.; sodium carbonate, 43 per cent.; 
sodium phosphate, 13 per cent.; organic matter 
(tannin), 7 per cent. 

Another mill was using a special compound 
costing only 234 cents per pound with an approxi- 
mate composition of 14 per cent. of alkali, 5 per 
cent. of insoluble matter, and 81 per cent. of 
water and organic matter. 


Concrete Mixing Plant and Concrete Block Yard at the Cataract Dam. 


work resumed. No damage was done to the 
structure by this flood, although one or two of the 
large blocks of stone that had not been set were 
carried from the top of the uncompleted mass of 
masonry and struck on the roof of the valve 
house in falling. 

Blast holes for the rock excavation was in all 
cases made with Ingersoll-Sergeant compressed 
air drills. A compressor of the horizontal type 
driven by a portable steam engine supplied air to 
these drills. 

A large portion of the contractor’s plant was 
driven electrically with energy generated in a 
central station. This station contains two Cor- 
nish boilers generating 300 h.p. each and supply- 
ing steam to three electrical units. Each of these 
units consisted of a 65-kw. generator driven by a 
high-speed engine. 

As the construction camp was unavoidably 
located within the catchment area of the Sydney 
water works, special precaution had to be taken 
to provide against surface pollution. The camp 
was divided into two sections, one for married 
and one for unmarried men. Large barrack build- 
ings were erected for the latter and partially fur- 
nished, a charge being made by the Government 
for the accommodation; married men were re- 
quired to erect their own dwellings under the 
supervision of the Government. The health and 
sanitation of the community was under the super- 
vision of a resident medical officer. 


M. Inst. C. E, of the same department, had 
principal charge of the construction; Mr. J. 
Symonds was resident engineer. 


Tue LateraL THrusT oF WHEELS on rails has 
been investigated by the Schoen Steel Wheel Co. 
by means of a sensitive, self-recording apparatus. 
A 3-ft. rail section was used on the outer rail of a 
curve of 1,307-ft. radius, This piece of rail was 
held down firmly, but was free to slide outward 
slightly, pressing in the piston of a hydraulic 
cylinder in doing so. A small pipe connected this 
cylinder with a pressure gauge registering up to 
200 lb. per square inch, a recording pressure 
gauge having the same maximum registration, and 
a pressure pump. The speed of the car was 
measured by a chronograph, the pen of which 
was momentarily lifted when the car passed: by 
two trips or dogs a measured distance apart. 
The readings at medium speeds were erratic, but 
between 9.6 and 16.21 miles per hour the thrust 
of the wheel against the rail was very approxi- 
mately equal to 333 V — 800, V being the speed in 
miles per hour. This expression gives the lowest 
values. None of the speeds recorded was equal 
to that corresponding to the superelevation of the 
outside rail. The experiments indicated that a 
thrust against the rail amounting to nearly 21,000 
lb. might be expected, and that the front wheel of 
the leading truck would probably exert the great- 
est thrust. 


Still another mill was using a compound at 6 
cents per pound composed of 10 per cent. of 
water, 53 per cent. of soda ash, 33 per cent. of 
common salt, and the remaining 4 per cent. of 
organic matter. 

It was found that all the mills in the combina- 
tion which used special compounds were expend- 
ing nearly $1,300 per year for boiler compounds. 
Those which were using only soda ash and kero- 
sene were expending very much less per horse- 
power although practically the same water supply 
was provided. 

The method of applying the soda ash was in- 
vestigated and it was found that in the case of a 
number of mills there was a mistaken idea of the 
use of a boiler compound. The methods em- 


- ployed in these, while differing somewhat in de- 


tails, were to add the soda ash once a week and 
clean the boiler. The true method was shown to 
be to add the soda ash in small quantity con- 
tinuously, and then keep the boiler in a condition 
so that by blowing off at frequent intervals it 
is kept clean. 

It was shown by Mr. Little that a considerable 
saving could be made and a better result secured 
not only by reducing the cost of the compounds 
themselves, but by keeping the boilers in first- 
class condition and preventing the formation of 
scale, thereby reducing the amount of coal re- 
quired to produce the amount of steam it is 
desired to carry. 


—- 


June 6, 1908. 
An Electrically-Operated Dredge. 


The port for the city of Los Angeles, California, 
will eventually consist of an extended series of 
slips and basins dredged from a salt marsh which 
extends along the shore line of the Pacific Ocean 
for several miles between the cities of San Pedro 


and Long Beach. This marsh is from 20 to 22. 


miles from the business portion of the city, but 
some of its lagoons reach to within 10 miles of 
the center. The Government is constructing an 


. extensive breakwater to protect the western, or 


San Pedro entrance to the harbor; and also a 
number of outer harbor slips and the dredging 
of a portion of the marsh known as Wilmington 
Lagoon. This part of the work is being done 
with a 20-in. steam-driven dredge owned by the 
Government. Various minor slips to connect 
with this channel are being dredged by private 
interests and some of the municipalities fronting 
on the harbor lines. The harbor lines will doubt- 
less soon be fully established by the Secretary of 
War, thus settling the areas to be dredged and 
those to be filled, so far as the limits of the tidal 
lands under the control of the Government are 
concerned. 
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third channel, No. 2, is a branch of No, 1. There 
will be extensive slips from channel No. 3. A 
shipbuilding plant, the first south of San Fran- 
cisco, is already well advanced on this property, 
and is likely to be ready for business some time 
before the completion of the railroad bridge. 


The excavation of the basin and channels and 
the reclamation of the swamp is being prosecuted 
with clam-shell and suction dredges. Most of 
the spoil is deposited on the undredged land to 
raise the general level 6 to 8 ft. About one- 
third of the total dredging, including all the em- 
bankments has been completed under contract by 
the North American Dredging Co. This com- 
pany had a steam-driven clam-shell and an 18-in. 
electrically-driven suction dredge in the property 
for some years. The suction dredge had an 18-in. 
by 40-in. cast-iron unlined pump, driven by a 400- 
h.p. synchronous motor. 

The Los Angeles Dock & Terminal Co. have 
now put in commission a 20-in, electrically-driven 
suction dredge which will be of interest for its 
method of drive. The use of electric power for 
dredging is a recent development, but it is held 
to offer many advantages which offset those of 
steam equipment for use on a vessel working in 


View of the Electrically-Operated Dredge with Cutter Raised. 


One of the channels running east will pass 
through the property of the San Pedro, Los An- 
geles & Salt Lake R. R. into that of the Los 
Angeles Dock & Terminal Co. at Long 
Beach. This connection is not, however, essential 
to that company as the property of the latter 
connects directly with the ocean through the old 
mouth of the San Gabriel River, known as Cerri- 
tos Slough. Across this channel a 168-ft. bascule 
bridge is now being erected by the railroad. At 
present this entrance will be less protected by the 
breakwater than that at San Pedro, but when 
warranted by the traffic the breakwater can be 
extended in the same depth of water far beyond 
Long Beach. 

The Long Beach harbor is being constructed 
as a private enterprise by the Los Angeles Dock 
& Terminal Co., of Long Beach. This company 
expects to maintain in conjunction with the har- 
bor a belt railway serving every slip and con- 
necting with the three railways reaching the 
property, the Southern Pacific and the Pacific 
Electric in addition to the San Pedro, Los An- 
geles & Salt Lake. 

The main entrance to the harbor will be 500 ft. 
wide at the jetties, which will extend into 50 ft. 
of water and be riprapped. It is anticipated that 
the tidal scour will be sufficient to keep this chan- 
nel clear. Vessels will reach a large turning basin 
immediately after entering. This basin is 30 ft. 
deep and covers an area goo x 1,600 ft. in dimen- 
sions. It will only be essential until the channel 
to the San Pedro basin is opened. Two channels, 
No. 1 and No. 3, start from this basin, while a 


harbors and channels protected from the wind 
and seas. As power can be purchased at a very 
favorable figure in the region in which this dredge 
is operated, the dredge was equipped with an 
electrically operated suction pump and _ cutter 
wheel and also provided with a motor-driven 
winch for manoeuvring. A 35 x 7I-ft. scow was 
used with an over-hanging A-frame at one end, 
from which the cutter ladder is suspended. The 
main pump is mounted crosswise of the vessel, 
the suction connection going forward to the lad- 
der trunnion on the port side, while the cutter 
drive is on the opposite side. 

A 20-in. cast-iron pump lined with boiler plate, 
which was designed by Mr. O. C. Goeriz, of San 
Francisco, and built in Los Angeles, is the main 
dredging unit. This pump has a cast-iron in- 
closed-type runner 68 in. in diameter, which is 
threaded on an 8-in. shaft and is held in place by 
a follower nut. The water passages are designed 
to handle, so nearly as possible, a constant quan- 
tity of water at any ordinary head, since the driv- 
ing motor is of the synchronous type. The 
straightness of these passages leaves a triangular 
space between them which is connected to the 
back of the runner and so has dead water in it 
at all times. The runner is balanced against end 
thrust by concentric grooves which can be ad- 
justed for leakage and the balance so kept per- 
fect. No variation in the nature of the cut, 
length of line, height of bank or character of 
spoil has as yet been sufficient to affect very con- 
siderably the power required. There is sufficient 
clearance between the runner and the wearing 
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nose where the volute comes closest to the run- 
ner to permit of filling a surface groove in the 
runner with I-in. bars to produce a 70-in. runner 
if desired on long discharge lines. There would 
then be abundant clearance from the casing to 
permit fair-sized bodies caught in the runner to 
pass the nose without striking; and the. runner 
passages will pass 8-in. stones. 

The pump has two bearings, the outer one a 
five-ring babbitted thrust ring and steady bear- 
ing, while the inner is of the plain babbitted split- 
sleeve type. It is supported from the shell, but 
the upper half of the bearing shell can be stripped 
without disturbing the upper part of the pump 
shell or linings. The balancing ring is adjusted 
from the lower half bearing shell and is left in 
place when only the bearing is to be inspected. 
A water-packed groove supplied with clean water 
is provided at the end of the bearing to preyent 
excessive leakage of air and lubricating oil into 
the pump. This groove bears in a leather collar 
on the shaft and is thereby made to run with a 
nominal clearance. Both bearings can be ad- 
justed for alignment in any direction. 

The driven end of the shaft carries a 600-h.p. 
friction clutch, operated by a _ screw-controlled 
lever which can be advanced very slowly for 
slowly accelerating the pump runner and the body 
of water between it and the check valve and that 
beyond the valve, if the pump has not been stand- 
ing so long as to let it waste out of the sleeves. 
The disk of this clutch 1s attached to a leather- 
link flexible coupling, which is mounted on the 
motor shaft. The pump and motor rest on a pair 
of 18-in. I-beams extending clear across the floor 
of the scow. 

The pump is driven by a three-phase, 2,200-volt 
revolving-field synchronous motor of 675-h.p. 
continuous output capacity. This motor has two 
self-adjusting ring-oiling bearings with the shaft 
projecting at each end far enough to take the 
necessary couplings. The normal power con- 
sumption of the motor is, measured electrically, 
including motor losses, 530 h.p. 

This type of motor must be started by bringing 
it up to synchronous speed before the motor is 
connected to the power transmission line, which 
is not the case with the induction type of motor; 
the low power factor at part loads and drop in 
speed with increasing load are serious disadvan- 
tages of the latter type for this service, and their 
small clearance would also be undesirable on 
craft where a good foundation is an impossibility. 
In this case, however, the use of a separate motor 
for starting only was avoided by arranging to 
start the pump motor from a 175-h.p. induction 
motor driving the cutter head. The starting shaft 
is arranged to be disconnected from the syn- 
chronous motor by opening a jaw clutch after 
synchronizing. 

The electrical energy is brought aboard by 
means of armored three-phase cables or separate 
overhead lines. These lines are usually carried 
on the discharge pipe pontoons. There is usually 
an oil switch at either end of the floating section 
‘so as to cut out the wiring aboard the vessel or 
the entire equipment as may be desired. Upon en- 
tering the vessel the wiring runs to a distributing 
board equipped with oil switches having auto- 
matic trips with overload and manual trips under 
distant control. This latter arrangement permits 
the linesman to stop any portion of the machinery 
without leaving the levers. 

The cutter-head motor drives a shaft which 
carries a friction pulley for the above purpose 
and another for the cutter drive. The cutter belt 
is on long centers permitting of some flexibility 
in the drive and so reducing the likelihood of ac- 
cidents due to boulders and logs in the cutter. 
The cutter gear train reduces from 470 to I5 
r.p.m., the counter shaft passing out-board 
through one of the trunnions. The main shaft is 
8 in. in diameter, with flanged couplings. The 
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boxes are split, babbited and fitted for both 
water and grease lubrication. There is a five-ring 
babbited thrust bearing near the after end of 
the shaft. The cutter head is a simple spider with 
flat blades, which seems to be satisfactory in the 
soft silt that is handled by the dredge. 

The ladder is framed on two 50-ft. 20-in. I- 
beams, stiffened with numerous diagonals, with 
the forward bearing carried on the cast-iron nose 
piece and the intermediate ones on cast or struc- 
tural bridges. The port trunnion carries the 
20-in. suction pipe and the starboard trunnion the 
cutter drive. The trunnions are mounted on the 
main deck which brings all the mechanism out of 
the water when the ladder is raised. Repairs and 
adjustments can then be made in the minimum 
time. The rock box is also on deck, its cleanings 
being arranged to go overboard without handling. 

Water for the various bearings, the water seals 
on the pump and for priming the pump is fur- 
nished at 25-lb. pressure by a 3-in. centrifugal 
pump, which is also sufficient for fire use. Prim- 
ing and bilge pumping are done with-water ejec- 
tors. 

The scow is 8 x 35 x 71 ft. in outside dimen- 
sions and has 6 x 8-in. side and end timbers and 
3-in. side plates. The hull is sheathed with 1-in. 
redwood on ship felt. The floor timbers are 
I2 x 12-in, pieces, extending the entire length of 
the vessel, while part of the deck timbers are 
6 x 8-in. and part 12 x 12-in. Cross-wise of the 
hull are five stiffening frames. Four bulkheads, 
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The Cutter Shaft Drive. 


of which two run the entire length of the floor 
and two only part way, are provided. The main 
pump and its motor is set cross-wise of the hull 
back of the midship section; the I-beam frame 
on which they rest is on the 12 x 12-in. floor 
timbers. The deck beams are cut away at this 
point, leaving an open well. Side posts above this 
carry an I-beam trolley which extends over the 
side of the scow to pick up apparatus from the 
water. 

The dredger is equipped with a six-drum winch 
driven by a 52-h.p. variable-speed induction motor 
by which a 10,000-lb. pull can be put on any line 
at 4o-ft. per minute. The side lines go ashore 
through guide sheaves on the forward end of the 
ladder frame. The spuds are 24 x 24-in. x 50-ft. 
Oregon pine cased in I-in. wearing sheathing. 
The spud wells are of cast iron 28 x 28-in. in 
section. The lift line attaches near the bottom 
of the spud and leads over guide sheaves to a 
single multiplier. This lift line is 1 in. and all 
other lines 34 in. in diameter, : 

The delivery pipe pontoons are mostly 16 x 
8 ft. in plan by 4 ft. deep and are built of 2-in. 
plank, copper painted, but not sheathed. The 
pipe rests in saddles between bitts. The barge 
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and ladder pipe, which is all of 20 in. inside 
diameter, is riveted pipe, built of 3g-in. iron. The 


ells and fittings for these sections are of cast iron- 


with clean out holes. The pontoon pipe is in 20 
and 30-ft. lengths, with ends of %-in. plate, but 
3/16-in. plate for the intermediate portions. This 
pipe is fitted with rubber connectors. The shore 
pipe is mostly No. 12 gauge drive-joint pipe with 
bands at the ends of the drive taper. The longest 
delivery line may not exceed 2,000 ft., while most 
of the spoil will be dropped less than 1,000- ft. 
from the boat. There is in service at San Pedro 
a line of stave pipe which is used by a private 
corporation to take the discharge from the gov- 
ernment dredger and the long lines for this job 
may be made in the same manner if further use 
of this line proves satisfactory. 

The dredge operates with no vibration and no 
noise. The only noticeable sound aboard the boat 
is due to the reduction gear train on the cutter 


‘drive, although a worm-gear drive. could be sub- 


stituted for this train and obviate the noise at the 
same economy, which would also tend to simplify 
the drive. The electrical machinery is compact 
and clean, requires little attendance and is very 
flexible.. The cost of this equipment is also said 
to be considerably less than that of the corre- 
sponding steam equipment, while the fire hazard 
due to the lubricating oil and fuel oil or coal of 
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The Big Lazer Creek Br:dge. 


An excellent example of a single-track deck 
bridge of moderate span is afforded by the struc- 
ture recently built at the Ambridge plant of the 
American Bridge Co. for the Atlantic, Birming- 
ham & Atlantic R. R., Mr. Alexander Bonnyman, 
chief engineer. It is a deck structure with a 
200-ft. channel span, flanked by two go-ft. plate 
girder spans and is of standard construction 
throughout. The main span has pin-connected Pratt 
trusses 31% ft. deep and 16 ft. apart on centers, 
and carries the track on two lines of plate-girder 
stringers, 74% ft. apart and 25 ft. long, with their 
bottom flanges seated on the top flanges of the 
floor beams, which are riveted to the vertical posts 
just clear of the bottom flanges of the top chords. 
The end floor beams are made very deep and 
support on their top flanges the 90-ft approach 
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Synchronous Motor Drive and its Starting Gear, Electrically-Operated Dredge. 


the latter is very great, there having been three 
large dredges burnt in these harbors in the last 
five years. 

If the winches are equipped with an auxiliary 
steam or gasoline engine for manceuvring. when 
disconnected from the supply lines the boat can be 
better handled than can a steam vessel since the 
small engine can be started on short notice even 
if the rest of the vessel is out of commission. 

The Los Angeles Dock & Terminal Company is 
a Long Beach company with Mr. C. J. Curtis, 
manager. The dredge was designed for them by 
Messrs. Pearson & Bennett, consulting engineers 
of Los Angeles, and this journal is indebted to 
Mr. Ralph Bennett, of that organization, for the 
detailed data on which this description has been 
based. The machinery was largely built in Los 
Angeles and was erected by the company. 


Tue Cement INpustry in this country in 1907 
produced 48,785,390 bbl. of Portland cement, 
2,887,700 bbl. of natural cement, and 557,252 bbl. 
of puzzolan cement, according to the U. S. Geo- 
logical Survey. The total product is estimated to 
be worth $55,903,851, or about $600,000 more than 
that of 1906. 


girders, 7% ft. deep in the lines of the main 
stringers. 

The stringers and approach girders are braced 
in the usual manner with zig-zag angles and buck 
frames and the top chords of the main spans are 
X-braced with single lateral angles. The bottom 
lateral system consists of transverse struts and 
X-braces, made with single and double pairs of 
angles connected by vertical lattice bars with bent- 
plate connections to the lower chords. The end 
sway braces are made with pairs of angles lat- 
ticed and the intermediate sway-bracing with 
single angles. The two end panels of bottom 
chords are riveted members and the vertical posts 
carrying the approach spans form parts of very 
rigid transverse bents with riveted connections to 
the inclined end-post and bottom-lateral struts 
making a solid, strong construction that is clearly 
shown in the accompanying illustration. The trusses 
have riveted pedestals with four bearings for the 
end lower chord pins, and are seated on ‘*I-beam 
grillages distributing their loads over the pier 
masonry. The end track stringers are rigidly 
connected to the approach girders and the shore 
ends of the latter have pin-connected shoes with 
roller bearings on the abutment seats. 
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Heating and Ventilation of a Large Retail 
Store in San Francisco. 


An interesting equipment of indirect heating 
has been installed in a large new store building 
recently erected at Market, Sixth and Stevenson 
Streets in San Francisco by Hale Bros., Inc., for 
their own occupancy. The structure, which is of 
fireproof construction, having full steel frame 
carrying brick walls, reinforced-concrete floor 
slabs and columns encased in reinforced concrete, 
is 98% x 170 ft. in over-all dimensions and six 
stories in height above the street level, rising to a 


height of 110 ft. above basement floor level. It. 


has a complete mechanical equipment, consisting 
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boilers and artesian well pump, are located in a 


small irregularly shaped enclosure adjoining the, 


delivery department. To this room the fresh air 
supply is brought down from the roof level in an 
intake that is unusual, as contrasted with the cus- 
tomary arrangement of intake at the sidewalk or 
street level in Eastern installations, relying on the 
air wash to purify the air supply. The supply is 
drawn from the roof through an intake shaft, 
which is 4 x 12 ft. in section, but contains two 
ducts for the delivery of air, so that the resultant 
velocity of intake is, at maximum capacity of the 
fan, about 800 ft. per minute. This intake opens 


at the basement into an intake chamber that con- 
nects directly with the air-washer casing. 


Main Span and Support of Approach Span, Big Lazer Creek Bridge. 


of a freight and four passenger elevators, two 
package lifts, an automatic sprinkler system, 
vacuum-cleaning equipment, an artesian well- 
water supply and an equipment for the heating of 
the entire building by hot blast. There is, how- 
ever, no power plant installed for the operation 
of the mechanical plant, the machinery of the 
building beipg electrically operated with current 
from the local supply company, while the steam 
supply for heating is furnished by a battery of 
low-pressure boilers. 

The heating is accomplished exclusively by hot 
blast on all floors, with the exception of the 
sixth, containing the offices of the store, in cer- 
tain of which a limited amount of direct radiation 
has been added to supplement the indirect heating. 
The heating requirements imposed on the design 
of the system were, however, not severe, as the 
mininium daytime temperature in San Francisco 
is approximately 40° Fahs., and upon this basis 
‘the heating system was designed, heating surface 
being provided to maintain the store at 70° Fahr., 
with the outside temperature at the former figure. 
With this requirement it has been possible to 
adequately heat the building, with no more vol- 
ume of air supply than is necessary for good 
ventilation, the blower equipment provided being 
capable of making, at full capacity, two changes 
of air per hour in the entire building. Features 
of the mechanical plant to be noted are the use 
of the air-washing system for the air entering the 
building and of an oil-firing system for the heat- 
ing boilers. 

The indirect-heating equipment is located in the 
basement at the rear and consists of a motor- 
driven centrifugal fan, a stack of heaters and air- 
washing apparatus, which, together with the 


Vy 

y 

(LLL) 
A 


Paerereerzernaned 
AD ee 


SNAAAAAAAANANNE! 

= 
N 
Ny 
S| 
Ny 
S| 
Ny 

oN 


Ae a 
iW) “" \ 
| ar 


ey rt 
23 
pence tes 
S 


Ss) 
ESOS 
ee 


y 
N oo] 


Pe Delivery Dept 
SR 
Exhaust Fars} 


“Y 
4 Wezezzzzzzezzz a7 


mae f 


SNNNAANANAAA AA AANNANNSANANEAN SASS NAAASANANA AIAN 


SSAA 


LAL LV EE (ha LOE CA PLU LALLLI LL ee pa T ETT TT TCETE TOPE fOPT ETT TET EEE EOLEE Gg Z 
4 oa an, 1 


DD 


HES : prada, iy 
ITLL TELTIZELTIZEZEEEEZEZEELIILILIEIIILIEELLLTLILLIL po2 


717 


entire washer. The eliminator plates are ar- 
ranged vertically and parallel to each other and 
are so designed that the air in its passage is de- 
flected horizontally from side to side, the total 
eliminating surface being about 800 sq. ft. 

From the spray drip tank the water is drawn 
by a 1%-in. motor-driven centrifugal pump and 
again circulated through the spraying system, a 
fine-mesh screen being installed in the tank be- 
tween the foot valve of the pump suction and the 
drain from the eliminator plates to prevent the 
passage of particles of dirt. The clogging of the 
atomizing nozzles is further guarded against by 
the installation of a basket strainer of fine wire- 
gauze in the pump discharge line. A by-pass 
from the pump discharge to the sewer, as wellasa 
float control valve to govern the supply of fresh 
water to the tank, is-provided, in order that the 
water may be renewed as frequently as may be 
desired. The centrifugal pump is direct connected 
to a motor, with a speed range of from 800 to 
1,600 r.p.m., that is governed by a speed control 
rheostat, and has a special 8%4-in. runner, the 
nominal running speed being at 1,300 r.p.m., with 
a power expenditure of 2% hp. 

Next to the air washer are the heating coils, 
which are mounted on concrete piers, the bottom 
of the coils being located about 7 in. above the 
water line of the boilers, and are built upon 9-ft. 
cast iron bases, four in number. They are of the 
four-row, return-bend type, with a total height 
of 4 ft. 4 in., and are built up of I-in. pipes, spaced 
258 in. on centers.. The total lineal feet of pipe 
is 2,400, with free area for air passage of about 
20 sq. it., giving a velocity through the heater of 
1,500 ft. per minute. The passage of air through 
or under the heater is controlled by louvre 
dampers for the former and a by-pass damper for 
the latter. Both the fan and heater were fur- 
nished by the Buffalo Forge Co. 

The fan is of the three-quarter housed type, 
with angular down discharge, the blast wheel 
being 7 ft. 8 in. in diameter and 3 ft. wide at the 
top. The fan is fitted for a speed range of from 
130 to 300 r.p.m. and has an air capacity of from 
25,000 to 35,000 cu. ft. of air per minute, with a 
normal working duty of 30,000 cu. ft. at 175 


Switchboard 
ifs Mb 


24"Disc }\ 
Exhaust 


(ay 
| 
@ ii og 
i! 
|i Y 
Q Now At 
eg 
ORY 
— aye i 
ao 
BS / iY 


SS 


Heating and Ventilating Equipment in Basement of the Hale Store Building. 


The air washer is of the atomizing nozzle type, 
built by the Buffalo Forge Co., and is enclosed in 
a ‘casing having a cross-sectional area of 70 sq. 
ft. and a length of 7 ft. The nozzles are 140 in 
number and are so arranged that they each de- 
liver a cone-shaped spray of finely divided par- 
ticles of water, with a pressure of 15 lb. on the 
pump discharge line. The chamber for the con- 
tact of air and water has a length of 5 ft., after 
passing which the air and suspended water en- 
counter the eliminator plates, by which all par- 
ticles of water and dirt in suspension are pre- 


cipitated and drained to a tank located under the 


r.p.m., at which it requires approximately Io hp. 
for driving. It is belt-driven by a 15-hp. motor, 
the speed of which is regulated by a speed control 
rheostat. 

From the fan-delivery outlet the air is dis- 
charged into -a concrete underground plenum 
chamber, from which it is carried to the four 
corners of the building in 30-in. galvanized-iron, 
concrete encased ducts, laid under the basement 
floor. These ducts are connected to vertical riser 
enclosures, which extend to the top of the build- 
ing and have outlets at each floor, the size of 
pipe decreasing as the outlets are taken off. Each 
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outlet is fitted with an adjustable damper, and the 
air enters the room through a diffuser, the con- 
struction of which is shown in an accompanying 
detail. The underground ducts were constructed 
by first placing a concrete bed in the bottom of 
the trench and forming the same so that it would 
conform to the-contour of the bottom of the 
pipe; then placing the galvanized pipe thereon 
and using the side of the trench, which was of 
wet sand, as a backing and filling in with concrete 
and working same around the pipe and up to a 
level within 6 in. of the top of the pipe. To 
prevent distortion and collapse of the pipe, from 
the weight of cement on top, the side filling was 
allowed to set for some time before the top was 
applied. The average thickness of concrete about 
the pipe is from 3 in to 4 in. 2 

Tests have shown that this form of duct con- 
struction is quite satisfactory, giving, as it does, 
not only a smooth inside surface for the passage 
of the air, but the concrete serves to prevent ex- 
cessive heat loss. The drop for the longest hori- 
zontal runs is 6° to 7° Fahr., which, taking into 
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maintained constant by the automatic starting or 
stopping of the burner, the normal pressure car- 
ried being about 10 Ib. The Glafke air-atomizing 
method of fuel oil burning is installed in this 
plant, air and oil being supplied to the burner at a 
pressure of from 15 to 20 lb., depending on the 
grade of oil in use. The entire oil burning set 
occupies a floor space of 30 x 36 in. and is set on 
a concrete foundation. The compressor is of the 
vertical one-cylinder, single-acting type, with a 
cylinder 6 in. in diameter by 6% in. stroke, and is 
gear-driven at a normal speed of 130 r.p.m. by a 
2-hp. motor. Upon an extension of the main 
crank shaft a %-in. rotary force pump is located 
which supplies the oil to the burners, drawing the 
same from the oil tank. 
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consideration the fact that the bottoms of these 
ducts are practically at the ground-water level at 
this point and the work new when tested, is 
within the range of good practice. The velocity 
of air in the underground ducts is figured at 
1,600 ft. per minute, under full-load conditions, 
that in the vertical risers being gradually reduced 
from 1,600 to 1,000 ft. at the upper lengths. The 
air distribution from the plenum chamber is 
controlled by adjustable deflecting dampers at the 
point where the ducts enter the same, as shown 
in the basement plan drawing. A 36-in. duct is 
also provided for heating the annex to the build- 
ing in the future, this being blanked off at present. 

Steam for the heating coils is furnished by two 
cast-iron sectional American Radiator Co. low- 
pressure boilers, each having a capacity equivalent 
to 2,700 sq. ft. of direct radiation. These boilers 
are fitted to burn crude oil and have a burner 
control so arranged that the steam pressure is 
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long, with the top slightly below the level of the 
grates of the boiler. This tank is surrounded by a 
12-in. concrete wall and is covered to a depth of 4 
ft. above the top with rock and concrete. 


For exhaust ventilation of the store portion of 
the basement, the supply system is supplemented 
by two 24-in. motor-driven exhaust fans of the 
disc-wheel type, located as shown on the basement 
plan and discharging the air from the basement 
into flues extending to the roof, at the top of 
which louvre openings are provided. 

For artificial ventilation of toilet rooms upon 
the first, mezzanine, fourth and sixth floors, and 
in the basement an exhaust system is installed, 
the fan of which is located in the basement, with 
galvanized-iron ducts, varying from 12 in. to 8 in. 
in diameter, run to the above toilet rooms. Back 
of each fixture and slightly above it is installed a 
5-in. opening, protected by a wire-mesh screen. 
Branches from these openings connect into one 
line extending along and above the fixtures, this 
line in turn being connected to the main exhaust 
line. The fan is a cast-iron shell exhauster, 
direct connected to 3-h.p. motor having a speed 
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Before entering the burner the oil passes 
through a gauze screen strainer and then through 
a pressure-regulating valve, which is controlled 
by the pressure in the air tank and so adjusted 
that in the event of the compressed air supply 
failing the oil supply will be cut off—this to 
prevent flooding the furnace with oil when there 
is no air available. Another regulating valve 
from the oil supply line is connected into a by- 
pass to tank, so that excess oil supply and pres- 
sure is cared for. The control of steam pressure 
is exercised by means of a “sylphon” diaphragm, 
built of thin sheet brass and in the form of a 
bellows, the raising and lowering of the top of 
which by the steam pressure actuates, by a system 
of levers, the oil and air supply to the burner. A 
pilot gas jet is constantly burned under the oil 
to ignite same after a period of shut-down. 

The oil tank, which is a cylindrical tank of 1%4- 
in. steel plate, is 3 ft. 6 in. in diameter by 20 ft. 


Section of the Building Showing Air Ducts. 


range from 600 to 1,100 r.p.m. and a normal work- 
ing speed of about 850 r.p.m., at which it uses 
about 1% h.p., corresponding to a one-ounce air 
pressure. The fan has a blast wheel 24 in. in diam- 
eter by 634 in. wide at the tips and a 14-in. inlet. 

For supply of water for the general uses of 
the building, as well as for the fire protection 
system, an artesian well was sunk to a depth of 
194 ft. below the level of the basement floor, 
which well has a 16-in. outside casing for exclud- 
ing surface water, and a 12-in. inside casing the 
entire length. To draw the water from the well 
and elevate it to the roof tank a I5-in. motor- 
driven Luitweiler pumphead is installed, having a 
maximum capacity of 100 gal. per minute, with a 
normal operating load of 50 gal. The speed of 
the motor governs this rate of supply, which is in 
turn regulated by a speed-control rheostat. In 
addition to this speed-control rheostat of the 
motor, the starting and stopping of pump is regu- 
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lated by the Cutler-Hammer self-starting rheostat, 
operated by a float in the tank on the roof. 


In order to provide a steady supply of water 
for fire protection, in the event of the failure of 
the supply of electricity, an auxiliary steam plant 
is installed, comprising an engine.and boiler for 
the sole use of the pump. The engine, an 8 x 8- 
in. vertical, is connected to the pinion shaft of the 
pump by means of a jaw coupling, the arrange- 
ment being such that the motor can be backed out 
of gear and the jaw clutch thrown in. Steam for 
the engine is furnished by a vertical, high- 
pressure, submerged-head boiler, 42 in. in diam- 
eter by 8 ft. 6 in. high, and the piping system is so 
arranged that the steam from this boiler may 
also be turned into the heating system of the 
building if desired. 


> 


The mechanical equipment was designed by the 
architects of the building, Messrs. Reid Bros., of 
San Francisco, the mechanical engineering depart- 
ment of which is in charge of Mr. W. D. Ed- 
wards. 


An Early American Cast-Iron Arch Bridge. 


For many years the people of Brownsville, Pa., 
have taken pride in the sturdy fashion in which a 
cast-iron bridge constructed there about 1835 has 
been standing up under the traffic of three- 
quarters of a century. It crosses a small stream 
known as Dunlap Creek and carried the famous 
national pike which was built to connect the east 


Most of the bridges on this turnpike were ma- 
sonry structures of excellent design, but the cast- 
iron structure shown in the accompanying sketches 
has a record of durability as good as that of the 
best of them. 

The bridge has five tubular arch ribs of 85-ft. 
span and is 25 ft. wide. Each of the ribs is Io in. 
wide and 30 in. deep, made up of flanged segments 
3 in. thick, with eight 1%4-in. bolts to each joint. 
The joints and flanges on each segment were 
chipped by hand, as the builders had no planer 
large enough to face them, and to ensure a uni- 
form bearing on every joint a sheet of lead % in. 
thick was placed between each pair of flanges. 
This lead was cast in rough sheets and then ham- 
mered down to suit the conditions at each joint. 
After the bridge was finished and all the joints 
screwed up tight some of the lead was squeezed. 
out in the final settling to a permanent bearing of 
all parts of the structure. 

The ribs carry panels which support a deck of 
cast-iron plates covered with a macadam roadway. 
On each side of this roadway there is a lattice- 
work of 1 x 4-in. wrought iron bars surmounted 
by a cast-iron 2 x 3%-in. handrail recessed at the 
bottom to receive the lattice-bars. These bars 
rusted out in places about thirty years ago and 
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were then patched, but otherwise the bridge has 
not been repaired since its erection. 


The bridge was built by John Snowdon, of 
Brownsville, from the designs and under the di- 
rection of his foreman, John Herbertson. The 
latter’s career was characteristic of that of many 
of the pioneer mechanics of his time. He was 
born in Glasgow in 1805 and received a good 
common school education, together with some in- 
struction jn scientific subjects through attendance 
at lectures by well-known professors of that city. 
He learned the trade of joiner and cabinet-maker 
and came to America when he was about 17 or 18 
years old. A notorious impostor had been work- 
ing in Glasgow and its vicinity to induce people 
to emigrate to Marietta, Ohio, and young Herbert- 
son went there directly, but acquired nothing but 
fever and ague in the place. In April, 1824, he 
moved to Pittsburg and lived there for five years, 
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Views of Old Iron Bridge. 


engaged for most of the time in the pioneer steam 
engine shops of that city. In 1829 he went to 
Brownsville as foreman of the engine shops of 
John Snowdon, and while engaged there designed 
the bridge just described. His drawings of the 
structure were sent to the U. S. Military Academy 
and were approved by officers stationed there, but 
they have been lost. The pattern making, molding 
and erection of the bridge were all done under his 
supervision. About 1838 he formed a partnership 
with Thomas Faull to carry on a general engine- 
building and machinist’s business, and a few years 
later purchased his partner’s interest. He re- 
mained, actively interested in this work until his 
death in 1890, and built many steamboat engines 
as well as engines for mills, which were shipped 
to many states and to Mexico. His business has 
been continued by his sons, and to one of them, 
Mr. W. H. Herbertson, this journal is indebted 
for these notes. 

The accompanying sketches have been drawn 
from photographs of the bridge taken at different 
times during the last dozen years. The structure 
was much more attractive years ago than it is 
now, for of late the upper parts of the wing 
walls have been torn away and buildings have 
been erected on them which detract from the 
general appearance of the bridge. 
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The Marble Finishing Building of Maltby & 
Sons, Buffalo, N. Y. 


The marble and granite finishing shop of 
Maltby & Sons, Buffalo, N. Y., is a reinforced 
concrete building, with some especially interesting 
points in the design of crane girders and bracketed 
columns for supporting them. The building has 
another point of interest in that it is designed 
for three stories, though but one story has at 
present been erected. The slab which now forms 
the roof will eventually be the floor of the 
second story, and therefore instead of being cal- 
culated for a comparatively light roof load, has 
been given the strength required for carrying the 
machinery which is to be installed when the 
building is completed. This demanded an allow- 
ance of 300 lb. per square foot. Two skylights 
of large size are built over portions of the bays 
occupied by the large crane, and this naturally 
necessitated a special system of framing, since 
the skylights do not occupy the full width of the 
bays. Reinforced concrete is used for the floors 
and the skeleton frame of the building, the ex- 
terior walls being carried up in brick and faced 
with stone taken from the company’s own stock. 

The building is too ft. square in plan and is 
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Marble Finishing Building. 


divided longitudinally into three wide bays, two 
of them 28 ft. 1 in. between centers of columns 
and the other 27 ft. The remaining bay is 15 ft. 4 
in. wide. The spacing of the columns in the 
other direction is variable, although there aré a 
number of 13 ft. 4-in. spans. The longest span 
is 19 ft. Two of the adjacent wide bays are pro- 
vided with 25-ton cranes for transferring slabs 
and blocks of stone from one machine to the 
other in-the process of finishing. The crane span 
is about 25 ft. 

The crane rails are carried on reinforced con- 
crete girders, 14 in. wide at the top, 10 in. wide at 
the bottom and 4 ft. deep, reinforced with “Pin- 
Connected” girder frames. This connection re- 
sults in transmitting a portion of the strain, when 
the crane is in a given span, to the girders of 
adjacent spans. The maximum span of the crane 
girders between centers of columns is 22 ft. 4 in. 
The girders are carried upon the main columns 
of the building by means of concrete brackets, re- 
inforced with cold twisted lug bars. The method 
of placing these bracket bars is shown in ar 
accompanying illustration. They are of 34-in. 
steel, three being used in each bracket. Ties of 
Yin. lug bars are run back from the bracket 
steel and imbedded in the body of the main_ 
column. Additional reinforcement is put in the 
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top element of the crane girders in the shape of 
sheets of expanded metal. 

On account of the cranes being placed in adja- 
cent bays, one line of columns has brackets and 
girders on both sides. Advantage is taken of this 
fact to secure additional transverse support for 
the girders carried by this line of columns by 
tying them across with a slab of concrete, which 
is reinforced with lug bars and expanded metal. 
The distance center to center of these parallel 
adjacent girders is 34 in. : 

On account of irregularity in the spans of the 
building and the placing of the cranes and sky- 
lights, the dimensions and details of the columns 
are quite irregular. Those columns which carry 
the crane girders are uniformly increased in sec- 
tion below the level of the latter, though the only 
change in the column reinforcement consists, 
through the distance occupied by the brackets, in 
additional ties and the bracket rods. The smallest 
columns, those in the exterior walls in the nar- 
rowest bay, are 14 x 16 in., reinforced with four 
34-in. bars, placed as a square and tied together 
by %4-in. ties of cold-twisted lug bars spaced on 
1-{t. centers. Where the columns carry a crane 
on one side only they measure 20 x 20 in. above 
the girders and imbed eight 7-in. bars, bound 
with %-in. ties. This reinforcement continues 
down through the lower part of the column, but 
the longitudinal rods are spread apart, and the 
dimensions of the columns are increased to 22 x 
26 in., the longer dimension being parallel to the 
direction of the crane run. The largest columns, 
those supporting a crane rail on each side, are 
20 x 20 in. above the rail and 22 x 30 in. below. 
The reinforcement here, consisting of eight r1-in. 
bars, with ties as above described, Column 24, 
shown in the plan between the skylights and carry- 
ing crane girders on each side, though ‘of the 
same dimensions as the columns just described, is 
reinforced with ten instead of eight r-in. bars. 

Unlike the dimensions of the columns, the gir- 
ders are quite uniform throughout in section and 
are designed, as noted above, to carry a floor 
figured for loads of 300 lb. per square foot. 
Beams having a span of less than 20 ft. between 
centers of bearing are 7 in. wide and 24 in. deep, 
the latter dimension including the 4%-in. rein- 
forced concrete floor slab. Beams over 20 ft. 
span, the maximum of which are 28 ft. I in. be- 
tween centers of columns, have the same width 
as the other beams, but are increased in depth to 
40 in. Most of the girders are 10 in. wide and 4o 
in. deep, and some of them are made to carry the 
loads transferred to them by three beams of 27- 
ft. span, spaced at the quarter point. The beams 
and the girders in the outside walls are not 
provided with knee braces, while the interior 
girders have such a brace, 2 ft. deep, sloped 45 
deg: and reinforced with 54-in. lug bars. 

The floor slab for carrying the load of 300 Ib. 
per square foot is 4% in. thick and reinforced 
with expanded metal. Care was taken in all of 
the work to place 2 in. of concrete around all 
steel so as to protect it adequately from fire. 

The columns rest on reinforced concrete foot- 
ings varying in plan dimensions according to the 
load to be distributed. The steel is placed in a 
right-angled grid. The details and reinforcement 
of these footings are shown in an accompanying 
illustration. Twenty-three tons of cold-twisted 
lug bars were used in the footings and the 
columns and 1,600 lb. of expanded metal in the 
slab reinforcement. 

The General Fireproofing Co., Youngstown, O., 
designed and fabricated the steel reinforcement. 
The “Pin-Connected” girder frames used in all 
lintels, crane girders, floor beams and girders and 
che column reinforcement were built in Youngs- 
town and shipped to the work ready to be put in 
place. The general contractor was the Buffalo 
Expanded Metal Co., Buffalo, N. Y., and Green & 
Wicks, also of Buffalo, were the architects. 


of fire-protection service. 
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The Clogging and Cleaning of Water 
Mains. 


The advisability of inserting special castings to 
facilitate the cleaning of water mains which are 
intended to carry water liable to tuberculate or 
otherwise clog the pipes was discussed in a paper 
by Dr. George F. Whitney presented at the recent 
convention of the American Water Works Asso- 
ciation. He advocated the insertion of hatch 
boxes at intervals of about 1,000 ft., not only be- 
cause such fittings would materially decrease the 
cost of future cleaning, and by their constant 
availability serve as an incentive to clean the 
pipes before the loss of head became abnormal, 
but also because of the great saving in time, 
thereby lessening the inconvenience due to the 
cleaning operations and the possible suspension 
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Where the pipe must 
be broken and a special fitting put in, the mini- 
mum time for shutting off the water for cleaning 
purposes was stated by Dr. Whitney to be 4 hr., 
while with the special fittings installed in the 
line, the time is reduced to about 45 min. for 
every 1,000 ft., this being the period required for 
the actual cleaning. If the water mains were 
regularly cleaned and kept free from any rough- 
ness, the saving in fuel, Dr. Whitney stated, 
would probably be sufficient to pay for all clean- 
ing. Since cleaning would then be relatively 
cheap, its cost could be added to the cost of main- 
tenance, and the letting of separate cleaning con- 
tracts avoided. 

Some new aspects of the clogging and cleaning 
problems were presented at a discussion of this 
paper in a written communication from Mr. Alex- 
ander Potter, in which the following were the 
principal points brought out: 

Not only is it necessary to deal with the tuber- 
cules composed largely of vegetable deposit which 
produces carbonic acid, that in turn attacks the 
iron mains, but as the art of water softening is 
extended, a new probable cause of pipe coating 
is introduced. With a tuberculated pipe, the 
softening of water will have a tendency to reduce 
gradually the thickness of the deposit on the 
pipes; in fact, the softening plants will come in 
for a great deal of criticism, as these old de- 
posits are carried forward in the mains and drawn 
off in the taps. Of course, the softening plant 
will be held responsible, and the real benefits of 
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the plant in producing better water for all do- 
mestic and culinary purposes will be forgotten. 
Theoretically, the proper softening of water 
should have no effect upon the walls of the pipe 
if the process of softening is extended to include 
the re-carbonating of the water, provided exces- 
sive re-carbonation is avoided, and all the steps 
of the water-softening process are carried out as 
planned, but unless the softening plant is properly 
designed and built of proper capacity to handle 
all the water, and unless the fluctuations in the 
character of the water are met by the proper 
means and kinds of chemicals, after-reaction is 
bound to occur which will throw down a precipi- 
tate on or from the walls of the mains. The 
experiences at Quincy, Ill. [described in The En- 
gineering Record of May 16, 1908], are “horrible 
examples” of what may occur when reactions are 
allowed to take place in closed pipes. 

The largest part of the cost of cleaning water 


‘mains is in the preparation of the main for the 


insertion and removal of the cleaning apparatus. 
Not only should the pipe system be provided with 
permanent hatch boxes for the inspection of.the 
pipe and the insertion of the scrapers, but the 
alignment of pipe systems should be arranged to 
permit of as long scraper runs as possible. It 
is of the utmost importance, Mr. Potter stated, 
that a tuberculated pipe be cleaned before the 
tubercules attain any great size. Tubercules are 
not deposited with any degree of uniformity over 
the surface of the pipe; in fact, in many cases 
they are deposited in a very irregular manner. 
Therefore, the jar or shock of the cutters on the 
scraper in passing from a heavily to a lightly 
tuberculated portion of the pipe, or over large 
isolated tubercules, is liable to rupture the coating 
on the pipe and’make the further process of tuber- 
culation more simple. 

In connection with the cost of cleaning water 
mains in the past, Mr. Potter called attention to 
the following statement by Mr. H. W. Johnston, 
assistant city engineer of Halifax, Nova Scotia: 
“The average cost of cleaning the 24-in. low, 
service main for the past 20 years has been 
$15.07 for each cleaning of 13,400 ft., and of 
cleaning the 15-in. high service main $18.80 for 
each cleaning of 36,340 ft. Between 1882 and 
1904, both inclusive, there has been cleaned 223 
miles of mains at a total cost of $732.07, or at an 
average rate of $3.28 per mile.’ These figures 
seem so extraordinarily low that doubt will arise 
whether or not the pipes actually require cleaning 
at all. However, Mr. Potter stated that some 
15-in. pipes were reduced to 12 in. and some 
smaller mains have been practically choked. Hali- 
fax water is an unusually soft water, but has 
constituents which seem to have a great affinity 
for iron. 

The important phase of the cleaning question is 
the extent to which the removal of tubercules on 
the pipes affects the thickness of the walls of the 
pipe. An analysis of one sample of deposit taken 
from a tuberculated system showed that one- 
eighth of the entire volume was iron. As an 
analysis of the water supply itself indicated the 
absence of iron, the iron in this sample must 
have come from the water main. Where this 
tubercular action is constantly going on, the ex- 
tent to which it destroys the walls of the pipe is 
important to know. It is hardly conceivable that 
the iron in these tubercules is drawn uniformly 
from around the perimeter of the pipe. It is more 
than likely that the pipe is attacked in spots; 
consequently, the extent of the corrosion on the 
pipe wall is greater at one point than another, 
and it is conceivable that in time this action will 
be so great as to pit the walls of the pipe to such 
an extent as to produce considerable leakage. Mr. 
Potter is of the opinion that an inquiry as to the 
relation, if any, that the scraping of the mains 
has to the leakage in the pipe system is worthy of 
consideration. i 
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An 11,000-kw. Turbo-Generator Station 
aa in Seattle, Wash. 


An 11,000-kw. turbo-generator station has re- 
céntly. been placed in service in connection with 
the general power-supply system of the Stone & 
Webster interests in Seattle, Wash., and vicinity. 
Power is delivered from this system to operate 
the street railways, and for lighting and com- 
mercial purposes in Seattle. The chief source of 
supply for the system is from a 15,000-kw. hydro- 
electric station on the Puyallup River at Electron, 
60 miles from Seattle. Owing to conditions 
favorable to the development of additional water 


\power in the vicinity, the bulk of the power 


generated will also be obtained in the future 
from hydro-electric stations. The new steam 
station has, therefore, been designed as a relay 
to the present hydro-electric development and to 
other such developments that may be made. An 
existing 3,500-kw. steam-driven station in Seattle 
is also operated in connection with the general 
supply system. 

The new turbo-generator station is on the right 
bank of the Duwamish River at Georgetown, 4 
miles south of the business section of Seattle, 
and close to the transmission line from the Elec- 
tron station, at a point where fresh water for 
boiler feed and condensing purposes could be 
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forced-concrete coal bunkers are placed over this 
floor, with a monitor in the roof over the bunk- 
ers, which provides space for coal-conveying 
apparatus. The floor of the generator room is 
level with that of the basement under the boiler 
room. The roof of the generator room is carried 
by 65-ft. span reinforced-concrete girders, extend- 
ing from the transverse partition wall to the end 
wall of the building, so this room is entirely free 


The First Section of the Station Building. 


‘ obtained. The present station is the first one of 


six sections which it is proposed to build in con- 
junction therewith on the same site. This first 
section is entirely independent of the future addi- 
tions, however, although the arrangement of its 
generator room is such that the latter will be- 
come a part of one main generator room as the 
other sections are built. 

The station building is a reinforced-concrete 
structure, 80 x 218 ft. in plan, and with a height 
of 68.25 ft. from the ground line to the top of 
The reinforced-concrete frame, and 
the side and end walls of the building, stand on 
spread footings of concrete carried by piles 
driven to refusal, 1,800 piles being used to secure 
a stable foundation for the building and equip- 
ment. The side walls of the building are Io-in. 
reinforced-concrete slabs carried by columns 
spaced 16 ft. apart on centers; the end walls are 
6 in. thick and are carried by columns spaced 
15 ft. I in. apart on centers. The roof consists 
of 5-in. reinforced-concrete slabs carried by 
beams and girders resting on the wall columns 
and on rows of columns in the interior of the 
building. 

The building is divided by a transverse 6-in. 


. reinforced-concrete wall into a boiler room and 


a generator room, the former being 153 ft. Io in. 
long, and the latter occupying the remainder of 
the building. A basement, with its floor at the 
ground level, extends under the entire boiler 
room. The boilers are on a reinforced-concrete 
floor over this basement, which floor is carried 
by reinforced-concrete columns on spread foot- 
ings on piles. The level of this floor is 15 ft. 
above the level of the basement floor, thus pro- 
viding abundant space in the basement for hand- 
ling ashes from the boilers and for other pur- 
poses. The boilers are placed in two longitudinal 
rows, one on each side of a firing room. Rein- 
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normally supplied by the row of boilers on the 
corresponding side of the boiler room, although 
either unit can be supplied from either side. 

The boiler room contains fourteen 466-h.-p. 
Stirling water-tube boilers, set in batteries of two 
boilers, with three batteries in a row on the 
3,000-kw. turbine side, and four batteries in a 
row on the 8,oo0-kw. turbine side of the longi- 
tudinal firing room floor. These boilers are at 
present fired with fuel oil. Since oil may eventu- 
ally be superseded as fuel by coal, the storage 
bunkers for the latter were built over the firing 
floor and the provisions made in the construction 
of the building to permit coal-conveying apparatus 
to be installed. Reinforced-concrete ash storage 
hoppers were also built, suspended in the base- 
ment of the boiler room from the floor of the 
latter, one hopper under the furnaces of each 
boiler. These hoppers are placed at a height 
that permits cars to bé operated under them on 
tracks in the floor of the basement. Since coal 
will probably not be used for fuel for some time, 
none of the mechanical equipment to handle it 
has been installed. 

A very complete storage and delivery system 
has been provided to handle the fuel-oil supply. 
The oil is delivered in tank cars on a switch ex- 
tending around the downstream corner of the end 
of the boiler room next to the river. Three 
8 x 32-ft. circular steel tanks are placed side by 
side in the same horizontal plane under this 
track, where oil can be delivered directly into 
them from the tank cars. A single-acting recip- 
rocating oil pump in a house at one side of this 
track is also arranged to take oil from the tank 
cars through a 5-in. flexible suction hose and 
deliver it through a 6-in. connection to a 150,000- 
gal. steel storage tank, 30 ft. in diameter and 30 
ft. high. This tank is placed with its center 
83.5 ft. from the adjacent corner of the building, 
and is surrounded by a pit large enough to hold 
the contents of the tank in case the latter should 
break. The exhaust from the oil pump is con- 
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Plan of First Section 


of columns. The switchboard, wiring ‘connec- 
tions, switches, transformers and electric aux- 
iliaries are at the opposite side of the generator 
room from the boilers, in a reinforced-concrete 
gallery having four floors above the generator 
room floor. 

The original plans for this first building section 
of the station contemplated that two turbo-gen- 
erator units, one of 3,000-kw. and one of 5,000- 
kw. capacity, would be installed. Soon after the 
smaller unit had been erected, however, the de- 
cision was made to install a unit of 8,0o00-kw. 
capacity instead of the, proposed 5,000-kw. one, 
on account of increased demands on the system 
for power. Otherwise, the arrangement of the 
station was carried out as originally proposed. 
According to this original arrangement the two 
units are placed at the same floor level, with one 
unit on each side of the longitudinal center line 
of the building. Steam to operate each unit is 


of the Station Building. 


nected to a steam coil in the bottom of the oil 
tank in order to supply the heat necessary at 
times to thin the oil so it will flow readily. A 
live-steam pipe is also connected to this coil as 
an auxiliary. 

The suction and discharge connections of the 
oil pump are joined with a by-pass. This by- 
pass and the suction and discharge connections 
are fitted with valves that enable the pump to 
be used in various ways. The oil can be taken 
from tank cars through the 5-in. flexible suction 
hose, and ‘delivered to the large storage tank 
through a 6-in. connection, or from that tank to 
the cars. Oil in the large tank will flow by 
gravity into the three underground tanks through 
the same 6-in. pipe to which the discharge of the 
pump is connected, until the level in the large 
tank is reduced nearly to the bottom of the latter ; 
after that the pump can be used to deliver the 
oil below that level. The pump can also deliver 
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the oil from the tank cars directly to the under- 
ground steel tanks. 

The three underground steel tanks are each 
fitted with a live steam coil for heating the oil, 
these coils draining to the river. The 6-in. pipe 
into which the discharge and suction of the pump 
are both connected, and through which oil is sup- 
plied to, or drawn from the large storage tank, 
passes around in front of the three small ones 
and thence into the station building. In the build- 
ing this pipe is connected to a header from which 
two I0 x 6 x 16-in. Wagener steam-driven oil 
pumps are supplied. These pumps are arranged 
together in a pair, with two 2 x 7-ft. circular oil 
heaters between them. Each tank is supplied 
with exhaust steam for heating and is operated 
the same as a closed feed-water heater. Each 
tank contains 87 ft. of 2-in. pipe through which 
the oil is pumped under a pressure of about 40 lb., 
maintained by an automatic pump governor. 
After passing the heaters the oil is delivered 


through filters to the burners under the boilers. 


Instead of an intermediate pressure tank being 
placed in this supply system, the discharge con- 
nection of each pump is fitted with a relief valve, 
the discharge from which is carried back to one 
of the underground tanks by an overflow pipe. 

A 2¥%-in. oil supply line is carried from the 
pumps along in front of both rows of boilers. 
This line is paralleled by a 2-in. pipe connected 
to the superheated steam main and also to & 
saturated steam main. At each boiler a connec- 
tion is made to both supply pipes to deliver steam 
and oil to the burners under the boilers. The 
boilers are of the standard Stirling water-tube 
type, with superheaters located in the rear pass 


Coal Bunkers 
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The row of three pairs of boilers for the 3,000- 
kw. unit is arranged to be served by a Green 
mechanical-draft installation when coal is used 
as fuel. The breechings from the boilers connect 
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of the building to a reinforced-concrete stack. 
The cross-section of this flue connection is uni- 
formly increased from the first pair of boilers to 
beyond the last pair, where it is 7.5 ft. wide by 
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Arrangement of Equipment in Generator Room. 
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Crosc-Sectional Elevation of Boiler Room. 


behind the steam-generating portion of the boiler. 
Each boiler is provided with one mud drum and 
two steam and water drums, which are connected 
together with inclined tubes. The superheater 
consists of an upper and a lower drum connected 
together by vertical tubes. Steam is delivered 
from the rear steam drum of the boiler to the 
upper superheater drum, and thence passes 
through alternate downward and upward sets of 
tubes before being delivered to the piping system. 


with a flue leading to a steel stack, 11 ft. in 
diameter and 125 ft. high above the grate, which 
stack is suspended by a system of concrete girders 
that are carried by the frame of the building. A 
15 x 7.5-ft. Green induced-draft fan, belt-driven 
by an 85-h.-p. General Electric motor, will furnish 
draft for this system. 

The breeching from the boilers of the row on 
the opposite side of the room are connected by 
vertical uptakes to a steel-plate flue leading out 


‘15 ft. high. The reinforced-concrete stack, which 
was built by the Weber Concrete Chimney Co., 
of Chicago, has an interior diameter of 17 it. 
and rises to a total height of 270 ft. As the center 
of the stack is 55 ft. from the line of the build- 
ing, the flue connection has a clear span of 40 ft. 
from the building to the opening into the stack. 
This stack has a capacity for taking care of ten 
additional boilers which will serve a 14,000-kw. 
turbo-generator unit when the next section of the 
plant is built. 

Feed water for the boilers is obtained from the 
Duwamish River through a 10-in. pipe laid in a 
concrete-lined trench having a 6 x 10-ft. cross- 
section. This trench extends from an intake at 
the river, underground to the building, and thence 


* under the longitudinal center line of the basement 


of the boiler room to pumps in the basement close 
to the transverse partition wall of the building. 
Two 8 x 10% x Io-in. steam-driven reciprocating 
pumps elevate the feed water from the 10-in. 
pipe to a 13,000-gal. steel tank carried in the 
upper part of the boiler room by a concrete plat- 
form tied into the building columns. The steam- 
supply pipe of each pump is arranged with a 
balanced valve operated by a float in the tank in 
such manner that the water level in the latter is 
maintained at a practically uniform height. A 
4-in. motor-driven horizontal centrifugal pump is 
also installed for the same service. 

Each row of boilers is supplied by a separate 
system of feed-water pumps and connections... 
The three pairs of boilers serving the 3,000-kw. 
unit are supplied by either or both of two 14 x 
9% x 12-in. Blake feed pumps, which draw from 
a 3,000-h.-p. Cochrane heater that is supplied with 
make-up water from the overhead tank, or the 
pumps can draw directly from the latter. The 
heater is furnished with exhaust steam from the 
various steam-driven auxiliaries operated in con- 
nection with this unit. The discharge from the 
feed pumps connects with a 6-in. header that is 
carried overhead along the front of the boiler 
settings. Water is supplied to the rear steam and 
water drum of each boiler from this header by 
means of a 2%-in. connection controlled by a 
hand-operated globe valve. A 6-in. auxiliary 
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feed-water supply line is also obtained by con- 
_necting the discharge of the feed pumps with the 
blow-off header under the boiler-room floor at 
the rear of each row of boilers. The lower or 
mud drum of each boiler is connected by three 
2¥%4-in. pipes to the main blow-off line, and the 
lower superheater drum has one 2%-in. connec- 
tion to the same main for delivering any conden- 
sation that may take place in the superheater. 
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as has been explained, but they also have free 
exhaust connections to risers leading to exhaust 
heads above the roof of the building. 

Two Holly drip systems, one for each row of 
boilers, are installed to deliver all condensation 
from the high-pressure steam piping back to the 
boilers directly. In general, a connection is made 
to these systems at every valve and every low 
point in the high-pressure steam piping. The 


The Two Main Generator Units. 


The arrangement of the boiler feed pumps and 
supply lines is the same for the row of boilers on 
the opposite side of the room as for the row of 
three batteries. The heater in this case has a 
capacity for supplying 5,000 h.p. in boilers and 
two 14 x 9% x 12-in. Blake feed pumps are in- 
stalled for this row. 


Steam is taken from the superheater drum of 
each boiler through a 6-in. full-sweep connection 
to a header for each row of boilers. These con- 
nections are each fitted at the boiler with a 6-in. 
hand-operated non-return valve; and at the header 
with a 6-in. gate valve. The header for each row 
of boilers is carried on cast-iron brackets attached 
to the corresponding side of the reinforced-con- 
crete columns which supports the coal bunkers. 
The headers rest directly on roller bearings on 
these brackets so they can move readily with 
changes in temperatures. The header for the 
row of three batteries of boilers is a 1I2-in. pipe, 
while the one for the row of four batteries is 12 
and 14 in. in diameter. The smaller header is 
divided into two sections by a gate valve, and 
the larger header is divided into four sections by 
three gate valves; the two headers are also cross- 
connected at both ends of the, boiler room, thus 
forming a ring system through which either row 
can deliver steam to either or both headers and 
in either direction. Normally, however, each row 
of boilers supplies steam to the unit on its corre- 
sponding side of the generator room, the steam 
headers extending through the partition wall be- 
tween the boiler and generator rooms. The vari- 
ous steam-driven auxiliaries of each unit of the 
station are supplied with saturated steam from 
a 6-in. auxiliary header. The latter has a 2%4-in. 
connection to the middle drum of each boiler and 
extends along in the rear of the row of boilers 
to the end of the boiler room next to the gen- 
erator room. The two atxiliary headers are 
cross-connected in the basement at that end of 
the room so any steam-consuming auxiliary of 
either unit of the station may be supplied from 
either row of boilers. These auxiliaries are ar- 
ranged to exhaust into the feed-water heaters, 
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the equipment of a sub-station installed in con- 
nection with the station. On account of the 
limited space occupied by the two units the ac- 
companying illustration, showing the interior of 
the generator room, was necessarily reproduced 
from two negatives and appears quite distorted. 

The two main units are Curtis turbo-alterna- 
tors with three-phase, 60-cycle, 10-pole separately- 
excited revolving-field generators, designed to de- 
liver current at 13,800 volts and to operate at a 
normal speed of 720 r.p.m. The speed of each 
unit is controlled by a hydraulically-operated gov- 
ernor, as developed by the General Electric Co., 
for large units, and is so arranged that the speed 
may be varied from the switchboard. The tur- 
bines operate on a normal steam pressure of 175 
lb. with 100 deg. of superheat. 

The turbine of each unit is served by a Weiss 
counter-current barometric condenser. The cool- 
ing water for the 3,000-kw unit is supplied by a 
centrifugal pump, direct-connected to a 10 x I2- 
in. high-speed Porter-Allen engine. This pump 
draws water through a 16-in. pipe extending 
from the intake at the river. The water passing 
through the main barometric tube is discharged 
against the pressure of the atmosphere into a hot 
well. A secondary barometric tube with'a foot 
valve is provided which automatically maintains 
equilibrium in the condenser and serves to remove 
any water which might be carried into the dry- 
vacuum pump. The latter is of the horizontal 
tandem Weiss crank and fly-wheel type, with a 
34-in. air cylinder and a 12-in, steam cylinder. 
The speed of this pump is controlled by a throt- 
tling governor arranged for variable speeds. 

The condenser of the 8,oo0-kw. unit is supplied 
with 7,500 gal. of cooling water per minute by an 
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water collected by these drips is carried to a re- 
ceiver in the basement of the boiler room. It is 
then carried by the high-pressure steam into a 
discharge chamber placed up near the roof of 
the boiler room. From this chamber the water 
is automatically delivered to the boilers. 
Generator Room—One of the most significant 
features of the generator room is the fact that 
generating equipment with a normal capacity of 
11,000 kw. and a guaranteed 50 per cent. overload 
capacity, or a total of 16,500 kw. is placed in a 
floor space 64 x 78 ft. in plan. This space also 
includes the various auxiliary apparatus for the 
two units, including the condensers, exciters and 


18-in. horizontal centrifugal pump driven by 4 
II x 14-in. Porter-Allen high-speed engine. It 
has a Weiss dry-vacuum pump with a 48-in. air 
cylinder, an 18-in. steam cylinder and a 30-in. 
stroke. The water from this condenser is also 
discharged into a hot well. The size of a con- 
denser of this type designed for high vacuum is 
indicated by the following data regarding the 
condenser for the 8,o00-kw. unit; the exhaust 
connection of the turbine to the condenser 
chamber is 78 in. in diameter and rises to a height 
of 41 ft. above the floor of the generator room; 
the main shell of the condenser, with a diameter 
of 9 ft., has its top 54.5 ft. above the generator 
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room floor, and the condenser receives 130,000 lb. 
of steam per hour when the unit is operating at 
the normal full load. The condenser equipment 
was furnished by the Southwark Foundry & 
Machine Co. 

The overflow from the hot wells to which the 
water is discharged from the condensers passes 
into a tunnel, 8 x 12.5 ft. in cross-section, which 
extends transversely under the end of the base- 
ment of the boiler room, close to the partition 
wall between that room and the generator room. 
This tunnel is lined with concrete and extends 
for about 300 ft. across the land adjacent to the 
building to an outlet at the river, over 200 ft. 
down-stream from the intake pipes through which 
cooling water is supplied to the condensers. The 
cross-section of the tunnel is of sufficient size to 
permit the tunnel to be extended into the addi- 
tional sections of the ultimate station as these 
sections are built. 

The step-bearings of the two main units are 
supplied with oil from the same high-pressure 
system. Two 7% x 2% x 18-in. duplex high- 
pressure Worthington pumps are installed in the 
basement of the boiler room to furnish pressure 
to this system. These pumps are in duplicate, as 
either of them has sufficient capacity for the 
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service required. The pumps deliver at about 
1,300 lb. per square inch pressure into duplicate 
mains leading to the two units. A 3-in. by 5-ft. 
hydraulic accumulator is placed in this. delivery 
system to maintain a uniform pressure in the 
latter. The step bearing of the 8,o00-kw. unit is 
operated with the oil at a pressure of 1,000 lb. per 
square inch, and the step-bearing of the 3,000- 
kw. unit at a pressure of 460 lb. The pressure 
in the mains is reduced to that required in each 
case by a baffler in the supply pipes close to the 
bearings. The overflow from the step bearings 
is returned to either or both of two Turner oil 
receiving and filtering tanks. One of the latter 
has a capacity of 600 gal. and can filter at the 
rate of 20 gal. per minute; the other will hold 
400 gal. and filter at the rate of 12 gal. per minute. 
The two high-pressure pumps have a suction con- 
nection with the storage tanks of both of the 
filters. ! 

The intermediate bearings on the two main 
units are supplied with oil under a pressure of 
120 lb. by.9 x 3% x Io-in. duplex Worthington 
pumps, installed in duplicate. These two pumps 
also take suction from the storage tanks of the 
two filters. A 3 x 6-ft. air tank is placed at each 
unit on the delivery pipe from these pumps to 
maintain a uniform pressure at the units. An 
emergency connection is also made between the 
delivery pipe of these pumps and the high-pres- 
sure oil main, in order that the one of the two 
pumps of the intermediate system, which is not 
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supplying oil to the steady bearings, may deliver 
to those mains in an emergency. 

The equipment of the entire station is supplied 
with lubricating oil from a complete separate 
system. This system is served by two oil pumps, 
in duplicate, with a 4oo-gal. oil tank in the moni- 
tor of the boiler room floating on the delivery 
system. A connection is carried from the latter 
to the high point of each unit to be supplied 
and branches are extended from this connection. 
The waste from the units is carried by gravity 
back to an oil sump tank under the floor of: the 
boiler-room basement. The oil is lifted from this 
tank by air pressure, which is supplied by com- 
pressors in the basement, to a separate Turner 
oil filter from which the station oil pumps take 
suction. 

Two air compressors are installed in the base- 
ment of the boiler room to supply air under 
pressure for various purposes about the station. 
These compressors are in. duplicate, one being 
motor-driven, while the other is driven by a 
steam engine, thus insuring a supply of air under 
all operating conditions. 

Two direct-current generators, a 40-kw. motor- 
driven and a 75-kw. engine-driven were installed 
to furnish excitation current for the 3,000-kw. 


main unit. A 120-kw. motor-driven exciter was 
then added when the 8,o00-kw. main unit was in- 
stalled. These exciters are all three placed on the 
first gallery floor, which is at the same level as 
the operating floor around the main units. On 
this floor are also mounted two 500-kw. motor- 
generator sets for supplying 600-volt direct-cur- 
rent locally to the street railway system. Two 
100-kw. transformers are placed on this floor to 
supply current at 2,300 volts for lighting and to 
drive small motors in the station. Two 500-kw., 
13,800 to 2,300-volt water-cooled transformers in- 
stalled on the first floor of the gallery furnish 
current for the local Georgetown supply. 

The second gallery floor, except for an office 
at one end, is entirely devoted to wiring, and is 
separated from the generator room by a rein- 
forced-concrete partition. The third floor con- 
tains the switchboard, from which the operation 
of the electrical apparatus in the generator room 
is controlled. Motor-operated oil switches on the 
high-tension connections of the station are placed 
on the fourth gallery floor. The top floor is 
given over to lightning arresters, static dis- 
chargets- and outgoing transmission-line connec- 
tions. 

The 13,800-volt current delivered by the main 
generators is carried out of the station at that 
voltage to two substations near the business sec- 
tion of the city. This voltage is either stepped 


down to 2,300 volts in these substations for local: 


distribution or transmitted through these sub- 
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stations at 13,800 volts to other substations of the 
company’s system. 

The main units are arranged for remote con- 
trol from panels on the third gallery floor. A 
cable from each phase of both main generators 
is carried from the latter in brass pipes leading 
to conduits under the floor of the generator room. 
These conduits extend to the end wall of the 
building at the rear of the galleries, and the 
cables are carried up a I2-in. space between this 
wall and the gallery floors to motor-operated oil 
switches on the fourth floor of the gallery.” On 
the third floor of the galleries are. also located 
panels controlling the railway motor generator 
and the railway feeder circuits; also panels for 
local light and power service. All panels of this 
switchboard are of blue Vermont marble mounted 
with standard General Electric switches and re- 
cording and measuring apparatus. The gallery 
floors are entirely of reinforced-concrete and are 
reached by stairways of concrete, so the gallery 
structure is fully fireproof. 

The end of the generator room on the side of 
the building where the next section of the station 
is to be built has been covered temporarily with 
corrugated galvanized sheet iron. As the other 
sections of the station are added the operating 
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galleries will be extended along the end-of the 
connected buildings, so the equipment in each 
section of the entire long generator room may be 
controlled from the corresponding section of the 
galleries. Toilet and bath rooms for the gener- 
ator room employees are placed at the end of the 
first floor of the present galleries, and directly 
over these are locker rooms. On the next two 
floors above are offices for the chief engineer and 
electrician. 

The generator room is served by a 50-ton 
motor-driven crane, built by ‘the Northern Engi- 
neering Works, of Detroit, Mich. One runway 
of this crane is at the top floor level of the gal- 
leries and the other runway is carried by columns 
along the partition wall between the boiler and 
generator room. The main equipment in the 
latter room can thus all be reached by this crane. 
A 20-ton crane operates over the first floor of 


. the galleries to serve the exciter and substation 


equipment on that floor. 

The station was designed by the Boston office 
of the Stone & Webster Engineering Corpora- 
tion. The construction of the building and the 
erection of the mechanical equipment was carried 
on under the direction of the Seattle office of that 
corporation, of which Mr. M. J. Whitson is super- 


intendent. Mr. H. H. Barter was engineer in 


charge of the installation of the equipment. The 
station is operated by the Seattle Electric Co. 
The electrical equipment of the entire station was 
furnished by the General Electric Co. 


— as 
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Direct and Indirect Methods of Electrical 
Purification of Water. 


The employment of electrical energy, either 
directly or indirectly, in the purification of water 
has received a considerable amount of attention 
in recent years, but misleading statements con- 
cerning the results of such methods have. often 
been made. It is true that at least one of. these 
methods is highly efficient as a germicide, btit thus 
far engineers generally have considered other 
means of water purification more economical: A 
paper recently presented before the Franklin In- 
stitute by Mr. Henry Leffmann covers certain 
phases of what has been done, and from this 
paper the following notes have been taken: 

As it is not necessary to review the history of 
the application of electrical currents to water 
purification, nor to describe even briefly the 
numerous patents that have been granted for 
such purposes, Mr. Leffmann referred only to 
some that have come under his observation, in 
consequence of having been asked to make ex- 
pert investigations of them. Some attempts have 
been made to remove the mineral impurities from 
water by taking advantage of the electrolytic 
powers, but most processes have been intended to 
kill the microbes. The ordinary inventor has, Mr. 
Leffmann said, proceeded upon his generally su- 


perficial knowledge that the disease-carrying . 


power of water is dependent upon bacteria, and 
that electricity in sufficient strength is fatal to 
living matter. 

In some of the processes the method has been 
the crude one of simply passing electric discharges 
through the water, hoping to kill the bacteria by 
direct shock. Thus, in one patent which was 
submitted to Mr. Leffmann’s consideration a few 
years ago the inventor proposed to have electrodes 
passed into the water main through insulated 
sockets and discharge a succession of sparks 
across the stream. The impracticabilty of the 
method on anything but the most minute scale 
seems not to have appeared to him. 

Several methods of water purification by means 

of electrolysis have been demonstrated. In these 
aluminum electrodes have been used, and more or 
less loss of the metal has occurred, it being con- 
verted into aluminum hydroxide. This produces 
its usual effect, that of combining with the or- 
ganic matter and entangling the suspended sub- 
stances so that the water after treatment can be 
subjected to a rapid filtration and will show ma- 
terial improvement in microbic content, especially 
if the amount of suspended matter and microbic 
content were previously high. On waters contain- 
ing but little suspended impurity, living or dead, 
the purifying action is relatively low. The con- 
stant loss of the electrode is, of course, a most 
serious item of expense, generally overlooked in 
the experimental plants. 
.. Two of the plants in which aluminum electrodes 
were used may be described with advantage in 
some detail, as some incidental features are of 
interest. In one, large aluminum plates, 2 ft. 
long and several inches wide, were immersed in 
the water in a tall jar and the current passed 
through. The experimenters selected, probably 
with a view of more profoundly impressing inex- 
periericed observers, very muddy water from the 
street gutter in front of the building in which 
the plant was located. The current seemed to 
cause the mud to collect and settle rapidly, and 
the water became soon fairly clear, but analysis 
showed ammonium compounds and nitrates in 
abundance, and it was evident that the purifica- 
tion was nominal. 

In another case Mr. Leffmann was asked to 


‘examine a plant that was in operation in Phila- 


delphia and found a very elaborate installation, 
mostly of closed vessels, some of which were 
taking the street current through ammeters and 
voltmeters, and from others of which a, clear 
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water could be drawn in considerable amount. 
The operators showed specimens of water con- 
taining a large amount of sediment, mostly in 
flakes, which were claimed to be the “scale-form- 
ing ingredients.” Mr. Leffmann at once recog- 
nized that the precipitate was aluminum hy- 
droxide, when he found aluminum electrodes were 
being used, so the process was, of course, unsuited 
to the purposes for which it was devised. 

In the operation of the Anderson process of 
purifying water by agitation with metallic iron 
attempts have been made to get more powerful 
action, that is, more rapid solution of the iron, by 
making the latter the positive pole of an electric 
system, but no practical advantage seems to have 
been attained. Recently a process has been pat- 
ented in which an electric current is passed from 
an inner to an outer pipe, the water flowing 
through the annulus, but Mr. Leffmann has no 
practical knowledge of this method. 


The most practical benefit of the application 


of electricity to water purification will come, Mr. 


Leffmann believes, from the indirect methods in 
which the electrical energy is used to produce an 
active disinfecting agent, and this agent is then 
applied to the water. Of all the processes of this 
type, those which produce ozone, he states, seem 
to be most useful. The material from which 
ozone is obtained—air—is in unlimited supply, and 
the addition to water cannot be regarded as being 
dangerous, since if present in excess it soon 
reverts to the condition of ordinary oxygen. 

The. principal problem in this method is the 
economic production of ozone. This modification 
of oxygen can be obtained by several methods of 
different types, but those in which electricity is 
employed seem to be alone applicable to the 
processes in question here. For the purpose high- 
tension currents are most economical, and the 
best yield is obtained by the so-called “silent 
discharge.” It is now known that a spark or 
are discharge will produce nitrogen oxides which 
are corrosive. It has also been determined that 
the air intended for production of ozone should 
be dry, otherwise hydrogen dioxide will be formed. 
The principal mechanical difficulty encountered in 
producing ozone on the large scale by means of 
the electric discharge is to secure a suitable dia- 
lectric. Glass, porcelain, rubber and other mate- 
rials have been tried, but are so liable to fracture 
or perforation that serious interruptions of opera- 
tion frequently occur. Continuity of action is 
very important in commercial processes, such as 
the purification of water, and when a large unit 
of the plant is out of use, in order to install a 
new dialectric, the condition is annoying. 

The inventions of Vosmaer seem to overcome 
the difficulty, for he avoids the use of a special 
dialectric, employing only the dry air which is to 
be ozonized. The discharge takes place from 
thin metal strips on which are sawlike teeth. 
These strips are held firmly in the center of 
metal pipes by porcelain insulating sockets. Many 
of these pipes are combined in parallel, the strips 
being all connected with one pole and the pipes 
with the other. An alternating current of high 
potential is allowed to flow through the arrange- 
ment, almost all the current passing by silent 
discharge, although at times a spark passes, but 
as there is no permanent dialectric no damage is 
done. The sparking is too seldom to produce 
damage or any appreciable amount of objection- 
able gases. The drying of the air may be done 
by any of the known methods; preference is 
given by Vosmaer to refrigeration, by means of 


an ordinary ice machine. 


A plant capable of purifying many thousand 
gallons in 24 hours has been for some time in 
operation on the west bank of the Schuylkill 
River at the foot of Locust St., Philadelphia. 

The water is first roughly filtered. This opera- 
tion is merely intended to remove the grosser 
suspended matter, as the ozone process proper 
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does not accomplish this. As the main part of 
the operation is the destructive action of the 
ozone on the bacteria, it is not necessary for the 
preliminary filtration to be nearly so close as 
when the latter is the sole reliance, as in ordinary 
filter plants, hence the filter area in the ozone 
plant is relatively very much smaller, the rate of 
filtration being so much greater. The filtered, or 
perhaps it may be called strained, water is passed 
into aérating towers. These are tall, narrow ves- 
sels, into which the water enters at the top and 
the ozonized air at the bottom, the latter under 
considerable pressure. In the experimental plant 
above mentioned an exhibition mixing tower has 
been installed. This is a glass tube about 16 fet. 
high and to in. in diameter. In this the admix- 
ture of the ozone current with the water current 
occurs to a marked degree. Upon the thorough 
ness of this mixing, Mr. Leffmann says, depends 
in large part the thoroughness of the purification; 
the water escapes at the foot of the mixing tower, 
clear and practically sterile. It sometimes con- 
tains a small amount of ozone in solution, but 
this, he stated, is not objectionable and soon dis- 
appears, either by conversion into ordinary oxy- 
gen or by combination. , 

The advantages of the process he summarized 
as follows: No objectionable chemical is intro- 
duced into the water. Large filter beds are not 
required. The operation expenses are not high. 
The plant occupies a liimted area and the opera- 
tion is simple and easily comprehended. ‘The 
plant may be enlarged by the addition of new 
units without disturbing the original units. ‘The 
sterilization is rapid and certain. The plant may 
be placed at any convenient point. 

The process seems to Mr. Leffmann to find even 
more valuable application to the purification of 
sewage than to ordinary water supply. The ex- 
tensive use of water in domestic life, with the 
increasing sources of pollution, give importance 
to every method of purification, and processes 
that seem to be founded on scientific principles 
and seem capable of practical operation on a 
Jarge scale, and to involve low operative cost, 
limited land area and freedom from dangerous 
chemicals deserve careful investigation. 

Many tests of the bacteriological efficiency of 
the plant have been made. Some made by Mr. 
Leffmann showed that the water as discharged 
from the ozonizer is practically sterile. Tests . 
made by other investigators are stated by the 
paper to have shown equally satisfactory results. 

Tue PorerscH FREEZING Process has been em- 
ployed in sinking two shafts for the de Wendel 
colliery at Klein Rosseln, near Forbach in Lor- 
raine. Previous difficulties at this place with the 
Kind-Chandron trepan system and with the or- 
dinary method in which reliance is placed on 
pumps for removing water led to the adoption 
of the process before the work was begun. An 
advance pit 33 ft. in diameter and secured by a 
temporary iron lining was sunk by hand to a 
depth of about 80 ft. Twenty-seven holes were 
then started at that depth, equally spaced on the 
circumference of a 24-ft. circle. Two of them 
were bored with a diamond drill so as to show 
the character of the materials penetrated, and the 
others were sunk by churn drills. The holes were 
carried down mainly through sandstones and 
conglomerates to a depth of 613% ft. below 
ground, and in them were placed the pipes for 
the freezing fluid, a 10-per cent. solution of 
chloride of calcium. The pipes had a total length 
of 2.6 miles and a cooling surface of 16,300 
sq. ft. The shaft was sunk at the rate of 21 ft. 
per month, inclusive of the time spent in boring 
and freezing. The shaft was lined with tubbing 
up to the ground-water level and with concrete 
above that point. The second shaft was sunk 
in the same manner, but the boring of the freez- 
ing holes was started considerably lower. 
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A Combined Refuse Destructor and Elec- 
trical Generating Station in England. 


A. combined refuse destructor and electrical 
generating station was placed in service last year 
at Greenock, England, and has since been giving 
quite satisfactory service. The refuse of the city 
was originally dumped at a point which caused 
much complaint; an additional amount of elec- 
trical energy for power and lighting purposes was 
also necessary. In order to avoid the nuisance 
caused by the dump and to provide for the 
additional electrical power needed, the decision 
was made to erect a destructor in connection with 
a generating station and to use such heat as was 
available from the destructor for steam-raising 
purposes. As the capacity of the existing generat- 
ing station could not be readily increased, provi- 
sions were made at the new station for additional 
equipment to meet future requirements, and the 
buildings were constructed so as to lend them- 
selves to easy extension. Contracts for the erec- 
tion of the destructor plant were awarded to 
the Horsfall Destructor Co., Ltd., in April, 1906, 
and the contracts for various other parts of the 
station were distributed among various other 
concerns. These works have recently been de- 
scribed in the “Engineer,” of London, from which 
description the following notes have been taken. 

The site of the plant is such as to facilitate the 
most economic delivery of the refuse that is 
collected, and is provided with a railway siding 
to insure easy delivery of ‘coal and other sup- 
plies. The buildings are of permanent construc- 
tion and are laid out in four bays. The destruc- 
tor furnaces occupy the bay nearest the street 
entrance, which bay is 40 x 110 ft. in plan and 41 
ft. high; the two central bays accommodate two 
sets of boilers for destructor and coal firing, re- 
spectively; the east bay, which is the largest of 
the four, contains the electrical generating equip- 
ment. A pump room which serves both sets of 
boilers adjoins the power station, and the econo- 
mizers, of which two are provided, are housed 
outside the main building. A stack, 150 ft. in 
height by 1o ft. in internal diameter, is situated at 
the end of the boiler house. A concrete retain- 
ing wall and a water reservoir have been built at 
the south end of the site, and water is conveyed by 
an 18-in. pipe from the reservoir into the power 
station for condensing purposes. 

The destructor plant consists of six large cells 
and combustion chambers and three water-tube 
boilers; the arrangement is such that each pair of 
cells, with its boiler, forms a unit which can be 
worked independently. Any unit of the plant can 
therefore be shut down for repairs or cleaning, 
without interfering with the working of the other 
units. By firing the two cells of each unit alter- 
nately a steady steam pressure is maintained in 
the boiler, while the combustion chamber is also 
kept at a sufficiently high temperature to cremate 
thoroughly the noxious gases which escape from 
the newly charged refuse. 

The top-feed method of storing and charging 
the refuse into the cells has been adopted and is 
especially designed to reduce manual labor to the 
lowest possible minimum. The refuse is de- 
livered in the cells from the cars in which it is 
brought to the plant without re-handling of any 
kind, thus not only affecting a saving in the cost 
of labor, but also insuring great cleaniness. An 
elevated driveway entrance extends along one 
end of the destructor house and contains two 
specially-shaped hoppers over a dumping pit. The 
refuse is discharged from the carts through these 
hoppers into tight, closed storage skips in the 
pit below. The latter has accomodation for four 
of these skips, which are arranged to move 
across it on rails. As each skip is loaded it is 
lifted by a 3-ton overhead crane and carried into 
the building, where it is deposited on a storage 
platform until its contents can be destroyed. This 
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storage and charging platform extends the full 
length of the set of furnaces, directly over the 
latter, and has accommodation for 80 skips. The 
storage, of refuse is thus accomplished in the 
closed skips on this platform entirely separated 
from the heat of the destructor. 

The method of charging the furnace is as 
follows: A skip of refuse is lifted from the 
storage platform by the overhead crane and is 
placed on a movable cradle surmounting the cell. 
Under the superimposed weight the cradle sub- 
sides and simultaneously a system of levers and 
balanced weights lift the water-sealed door from 
its seat and draw it to one side on rails, thus 
permitting the lower edge of the movable cradle 
to descend to the mouth of a charging door-way in 
the top of the cell. The bottom of the skips are 
hinged, so when the skip reaches the proper 
position the bottom may be dropped back and the 
contents of the skip deposited directly into the 
furnace. The crane then lifts the empty skip, 
and the water-sealed door, actuated by a balance 
weight is drawn back to its seat. The whole 
operation of depositing and withdrawing a skip 
occupies less than a minute. The furnace door 
is open a few seconds only, so any inrush of 
cold air, with a consequent reduction of tempera- 
ture, is reduced to a minimum. 

The furnace grates are directly under the charg- 
door, the contents of the skip falling directly 
upon them. The grates slope from the back to 
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Section through a Destructor Cell. 


the front, and have an area of 25 sq. ft. in each 
cell. The grate bars are perforated with a large 
number of small holes, through which an air 
blast is forced by means of electrically-driven 
fans. Although air blast has generally been con- 
sidered one of the best means of insuring com- 
plete combustion in destructor furnaces, it has 
heretofore been delivered at comparatively low 
pressures. The grate and fans in this plant are 
constructed, however, for a specially high pres- 
sure, and are fully expected to show a distinct 
gain in efficiency over the older system. The 
fans, of which there is one to each furnace, are 
coupled directly to variable speed motors of a 
totally enclosed type. The starting and regulating 
switches of these motors are fixed conveniently 
to the furnace doors and a throw-over switch is 
actuated in such a way that the opening of the 
door automatically stops the fan. Incidentally, an 
attempt has been made to improve the atmos- 
pheric conditions existing in most destructor 
works, by taking the air supply for the furnaces 
from the under side of the storage platform. 
The air inlets are also arranged so all dust and 
fumes omitted during the process of clinkering 
are drawn in and delivered back to the fires. 
Auxiliary steam jet fittings for steam blast have 
been provided, but they are only intended to be 
used in the event of a breakdown of the fans. 
The time required to cremate a charge properly 
varies from 1% to 2 hr., according to the class of 
refuse, and at the end of the period the fire 
is cleaned through a clinkering door at the front 
of each cell. This door is of specially strong 
construction “and is provided with two small 
doors through which the fires can be adjusted and 
stoked without opening the main door. The 
clinker is withdrawn from the furnaces into 
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buckets on a telpherage system, which enable it to 
be delivered either directly to an adjacent clinker 
crushing and screening mill, or deposited in heaps 
until required. 

A main flue of large area conducts the hot 
gases from each pair of cells through a com- 
bustion chamber of the boiler associated with 
it; a Horsfall dust catcher being built between 
the combustion ‘chamber and the boiler. All the 


flues are lined throughout with fire brick, and . 


specially made fire-clay brick, set in fire-clay 
cement have been employed in the furnaces. 
Marine water-tube Babcock & Wilcox boilers, 
constructed for a working pressure of 200 lb. per 
square inch and fitted with superheaters de- 
signed to raise the temperature of the steam to 
500 deg. Fah., have been installed. Arrange- 
ments are made to meet any very special demand 
for steam by auxiliary grates fitted for coal fir- 
ing. A by-pass also connects the destructor 
chamber directly to the main overhead flue, so 
that in the event of a breakdown of a boiler, or 
an excess of steam being generated, the whole 
or a portion of the hot gases from the chamber 
may be taken by this by-pass instead of through 
the boiler. The gases en route from the latter to 
the stack pass by the way of the overhead main 
flue to a Green economizer in two sections of 120 
tubes each. A by-pass is further provided, in 
order that the gases may be sent directly to the 
stack. 

Steam is taken from the superheater of each 
boiler by a connection to a main header that 
supplies the electrical generating equipment. The 
feed-water piping is connected by a branch to a 
system supplying the coal-fired boilers in the 
adjacent bay, the arrangement being such that 
the destructor boilers can be fed either through 
their own economizer, or from the hot feed-water 
main from the coal-fired boilers. 

The pump house contains two three-stage elec- 
trically-driven Worthington pumps and a Weir 
double-acting steam pump. The storage tank of 
12,000 gal. capacity is placed over the pump room, 
and a combined water-softening and oil-extract- 
ing plant is provided to treat the feed water. The 
two coal-fired boilers are of the Babcock & Wil- 
cox double-drum type; each boiler being capable 
of evaporating 18,000 lb. of water per hour; each 


boiler is equipped with a superheater and a 


chain grate stoker. The electrical-generating 
equipment has been operated since the formal 
opening of the plant on October 30, last, with- 
out difficulty and with satisfactory economy. 
While everything is said to point to similar and 
even more satisfactory results from the destruc-- 
tor and generating station combined, it was con- 
sidered at the time the article from which these 
notes was prepared to be too early to make public 
definite results. 

Two direct-coupled Belliss-Westinghouse gen- 
erating sets, each capable of producing 750 kw. 
when supplied with steam at 200 Ib. pressure, have 
been installed. Each of these units is driven by a 
1,140-h.p. triple-expansion high-speed enclosed 
type engine. Arrangements are also being made 
to remove two 400-kw. generating sets including 
boilers, engines, dynamos and condensers from 
the existing station to this new one. 
is thoroughly equipped with modern auxiliaries 
and is .every way designed to deliver current 
economically. 

The new works were designed and erected 
according to the plans and specifications of Mr. 
James A. Robertson, borough electrical engineer 
of Greenock. 


A Smoke NuIsANce due to the use of fuel oil 
in a steam shovel and in portable boilers located 
near a residence has recently been enjoined by the 
California Court of Appeals, and damages against 
the owner of the machinery have been awarded 
to the householders. 


The latter 
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Factory Building of the Rushmore Dynamo 
Works, Plainfield, N. J. 


A simple type of reinforced-concrete factory 
buiiding, which allowed of rapid and novel con- 
struction, was. completed last fall for the Rush- 
more Dynamo Works, on South Ave., Plainfield, 
N. J. The floor systems are designed so as to do 
away with lintels above the windows and thus 
allow the windows heads to be placed one inch. be- 
low the bottom the the floor slab. The column 
construction permitted the curtain walls between 
the plasters, the windows and the floor slab to be 
cast independently of the reinforced-concrete 
skeleton of the building. 

The factory is 47 ft. wide, 220 ft. long and two 
‘ stories high, divided longitudinally into two bays 
by a center line of columns. The latter, which are 
18 in. square in the first story and 12 in. square in 
the second story, are on 18-ft. 8-in. centers and 
carry a I2 x 30-in. girder. The floor beams at 
right angles to this girder and the line of columns, 
are on 6-ft. centers, each one carried independently 
by a pilaster in the outside wall at one end, and 
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The design adopted of having a pilaster for 
every floor beam, makes it unnecessary to provide 
heavy beam reinforcement between the pilasters 
for carrying any considerable weights, since the 
only loads are the light curtain wall and the win- 
dow. These are amply provided for by the rein- 
forcement of the floor slab which is carried con- 
tinuously to the outside building line. The illus- 
tration shows the manner in which the design was 
carried out and how it is possible to place the 
lighting area up to the ceiling line. The method 
of operation is also distinctly shown, the floor of 
the second story being complete, the curtain walls 
of the first story being cast, and the column forms 
for the second story lying on the second floor 
ready for erection for the final lift. On the left 
of the photograph showing the construction of the 
factory, is a smaller building erected at the same 
time and designed to house the power equipment. 
As will be noted it was constructed after the same 
fashion as the other building, the columns being 
carried up continuously and the roof cast before 
putting in the curtain walls between the pilasters. 


The building was designed and constructed for 
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Operating Results of the Producer -Gas 
Pumping Plant at St. Stephen, N. B. 


A producer-gas pumping plant has been in 
service for some time in connection ‘with the 
water-works system of St. Stephen, N. B. This 
plant consists of duplicate units, each unit in- 
cluding a suction producer of the Pintsch type 
having a normal capacity of 135 h.p. and equipped 
with a vaporizer, a scrubber and a cleaner; a 125- 
h.p. horizontal single-cylinder, four-cycle Olds gas 
engine and a double-acting triplex power pump 
with a capacity of 1,250 gal. per minute when 
running at 32 r.p.m. The contract required a 
duty of 115,000,000 ft.-lb. per 100 lb. of coal fired, 
the result to be determined by a three-day test 
with the engine running eight hours each day 
and banked the remaining 16 hours. The design 
and constructional features of the plant were de- 
scribed in a paper presented before the American 
Water Works Association a year ago by Mr. F. 
A. Barbour and reprinted in The Engineering 
Record of July 20, 1907. Results of tests of the 
equipment were not available at that time, due 


Two Views of the Rushmore Dynamo Plant, Showing Method of Construction and Completed Building. 


by the girder or directly by one of the center 
columns on the other end. The beam span center 
to center of columns is 23 ft., the depth 24 in. and 
the width 8 in. The floor slab is 4 in. thick. 

The roof system is similar to the floor system 
just described except that the dimensions are 
smaller in accordance with the smaller load. 

The dimensions of the pilasters are the same in 
both stories, those in the long sides of the build- 
ing measuring 1 ft. x 2 ft. 2% in., those in the 
short sides 1 ft. x 2 ft. 4% in. 

One of the accompanying photographs shows 
clearly the method used in construction. Suffi- 
cient forms were provided for putting up one- 
fourth of the building at one operation, that is to 
say, one-half of the length of the structure 
through a height of one story. The columns were 
carried up first without any wall filling whatso- 
ever, between them, and after the floor system 
had been cast and the forms removed, the con- 
struction consisted of nothing but a sheet of 
concrete carried by the lines of detached pilasters 
on the outside edge and by a center line of 
columns in the interior. When all of the columns 
of the first story were cast and the floor of the 
second story completed the same column forms, 
already twice used, were erected on the floor of 
the second story, the columns cast and the roof 
system put in place. 

While the work in the second story was in 
progress, the curtain walls beneath the windows 
and between the pilasters in the first story were 
being cast in an independent set of forms. The 
curtain wall was 6 in. thick, 4 ft. 6 in. high and 
was well bonded to the pilasters in slots left in the 
latter by cleats which had been provided in the 
lower parts of the pilaster forms. 


the Rushmore Dynamo Works, of which Mr. S. 
W. Rushmore is president, by Tucker & Vinton, 
New York City, on a cost plus-a-premium con- 
tract. . 


Tue CoMPRESSIVE STRENGTH OF CONCRETE and 
mortar as influenced by the proportion of water, 
was investigated recently by Herr Brabandt, a 
German railway engineer, the conclusions being 
published in the “Centralblatt der Bauverwal- 
tung.” The test cubes were 30 cm. (about 12 in.) 
on a side, and were made in accordance with the 
rules of the “Deutsche Betonverein.” They were 
stored in a shed under wet sand and were tested 
after 28 days. The test results showed a certain 
proportion of water which gave the greatest 
strength, either more or less water giving poorer 
results. The conclusions drawn by Herr Brabandt 
from his tests on concrete are as follows: 1. The 
most favorable quantity of water for the mixtures 
commonly used is about 15 to 20 per cent. of the 
volumes of cement and sand. 2. Poor mixtures 
need less, rich ones more water. 3. The moisture 
already contained in the raw materials must al- 
ways be considered. 4. The absorption of water 
by the gravel, ballast or broken stone must be 
taken into consideration. The quantity of water 
thus required must be determined beforehand by 
tests and added to the quantity needed for the 
mortar. 5. In cold seasons less water, in warm 
weather more water must be used. 6. With very 
rich mortar mixtures, with more cement than 
sand, the amount of water demanded is consid- 
erable, and may even reach 30 per cent. 7. It 
seems wise to determine the amount of water by 
tests, at least when required for large buildings, 
and to regulate it by general specifications. 


to incompleteness of the plant, but a test was 
made on October I0, 11 and 12, 1907, as nearly 
in accordance with the contract requirements as 
the maintenance of the water-works system would 
permit. The results of this test were given in a 
paper by Mr. Barbour before the recent convention 
of the association, from which paper the follow- 
ing excerpts have been taken: 

The Pintsch suction gas producers are each 
equipped with an independent vaporizer heated by 
gas between the generator and the scrubber. Each 
of them has a shaking-basket grate with an area 
of 5.4 sq. ft. or 0.04 sq. ft. per nominal horse- 
power of generator. The horizontal area of the 
generator is 4.9 sq. ft., equal to 0.036 sq. ft. per 
nominal horse-power of generator, and its cubic 
capacity up to the elevation of the gas up-take 
is 14.5 cu. ft., equal to o.11 cu. ft. per ‘nominal 
horse-power. The total cubic capacity of the gen- 
erator is 32.5 cu. ft.; of the scrubber, 84.8 cu. ft., 
and of the cleaner, 63.2 cu. ft., giving the follow- 
ing capacities per nominal horse-power: 0.25 cu. 
ft. for the generator, 0.63 cu. ft. for the scrubber 
and 0.47 cu. ft. for the cleaner. The engine is 
of the single-cylinder, four-cycle, horizontal type 
with a 22 x 28-in. cylinder. Chestnut-size Scotch 
anthracite coal containing 1.17 per cent. of mois- 
ture, 7.60 per cent, of volatile matter, 83.64 
per cent. of carbon, 7.59 per cent. of ash, and 
with 12,400 B.t.u. per pound was used. 

The contract permitted the refiring of the 
salvage screened from the material dropping from 
the side doors of generator in poking the fire. 
The amount of this salvage is a noticeable fea- 
ture in the operation of the plant, Mr. Barbour 
said. It depends largely on the attendant, but 
also on the type of grate and the opportunity for 
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shaking down and freeing the fire of ash without 
using a bar above the grate. 

The statement, often mide, that the labor in 
firing a producer is much less than in the case 
of a boiler, Mr. Barbour believes is true, except as 
its truth is modified by the labor of screening and 
refiring the salvage. It is to be noted that the 
producer is fired from the upper floor, while the 
ashes are removed at a lower level and must be 
lifted for refiring at a considerable expense. 
When, as at St. Stephen, the salvage amounts to 
25 to 40 per cent. of the coal fired, the labor sav- 
ing over steam is considerably offset, and it may 
be predicted that one man cannot handle an ap- 
apparatus such as that herein described. In short, 
unless the fuel fired is kept at a low figure, the 
labor account will be no less for a producer plant 
than for a steam plant. The material recovered 
is equivalent in thermal content to a considerable 
percentage of the original value of the coal per 
unit of weight and therefore well worth refiring. 
The actual labor in firing the original fuel is ex- 
tremely small. During the test about 175 Ib. were 
added at two-hour intervals, and the total time 
of attendance on the generator—aside from 
screening salvage—was less than one hour per day. 

A uniform fuel bed is essential to the produc- 
tion of gas of good quality, and adequate pro- 
vision for poking of the fire should be provided. 
For this purpose holes through the top of the 
producer are of value and should not be omitted. 
With such holes and a shaking grate, which will 
pass the ash without making necessary the use of 
the lower doors, the salvage can be materially 
lessened. The ash proper which passes the grate 
is extremely small in quantity and demands little 
labor in its handling. 

The steam formed in the vaporizer is led to a 
jet and mixed with air, the mixture being carried 
centrally under the grate to provide even dis- 
tribution through the overlying fuel. The steam 
jet working under a pressure of less than 1% lb. 
is designed to secure a uniform mixture of air 
and steam in excess of that required for the oper- 
ation of the producer, so that under any varying 
load conditions the mixture may be the same, 
while the quantity drawn into the producer 
changes in accordance with the demands of the 
engine. This is a most important provision, par- 
ticularly in plants working with variable load. 
Originally the excess steam was led through pipes 
to the outside of the building, but apparently 
this piping disturbed the balancing of the mixture 
in the steam jet and at the present time the excess 
steam, which is hardly noticeable, is discharged 
close to the jet. 

The total water used by the vaporizer was 
about 0.25 lb. per pound of coal burned, and it is 
estimated that about two-thirds of this amount 
actually entered the producer. The water used 
in the scrubber during the test was considerably 
in excess of that actually necessary, being equal 
to about 7.3 lb. per hour per nominal horse-power 
of producer. 

The cleaner has a capacity of about 0.47 cu. ft. 
per nominal horse-power of producer, and in the 
guarantee of final cooling of the gas and the re- 
moval of condensed moisture and tarry products 


is a most valuable adjunct to a plant using Ameri-. 


can anthracite. 

In the operation of the engines one of the 
most important items is that of the water used 
in cooling. During the test the amount used was 
excessive, partly owing to a desire to maintain 
an absolutely safe temperature and partly to the 
fact that the valves on the water piping were not 
adapted to close regulation. Entering the engine 
at a temperature of 44° Fahr. and leaving with 
an average temperature of 72° Fahr. the quan- 
tity per minute equalled 23 gal., and the heat 
carried off in this way—partly from the cylinder 
and partly from the exhaust head—amounted to 
about 37 per cent. of the total heat units in’ the 
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coal fired. Including the water used in the scrub- 
ber and in cooling the engine 24.8 gal. per minute 
were required, or about 160 lb. per brake-horse- 
power hour. If the discharge temperature of the 
cooling water had been run up to 150° Fahr., the 
quantity might have been reduced to one-fourth 
that actually used in the test and the total water 
required in the plant reduced to about 4o lb. per 
brake-horse-power. In the regular operation of 
the plant the discharge temperature of cooling 
water is carried to 120° Fahr., and with a little 
closer attention could be carried to 140° Fahr. 
It is evident that in any case the amount of water 
necessary for the operation of a gas plant similar 
to that under discussion is larger than what would 
be required for a steam plant of equal capacity 
and of reasonably high efficiency. Of course, by 
circulating the same water through cooling 
towers the amount might be reduced to a mini- 
mum, and in the case of large engines pumping 
against high pressures it may be advisable to 
lessen the work of lifting this water by using an 
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of pump, of 146,000,000 ft.-lb. per 100 Ib. of coal. 

The work done in lifting water is equivalent 
to 13.4 per cent. of the mechanical equivalent of 
the heat units of the coal fired; the brake-horse- 
power developed by the engine to about 16.7 per 
cent. of the same figure. 

The slip of the pumps was obtained in pre- 
liminary runs by pumping into the storage reser- 
voir. In estimating duty the slip is charged 
against the engine and the larger slip of number 
one pump accounts for the lower duty obtained 
in this unit. The average duty for the three-day 
run, including banking and all stand-by losses, is 
125,000,000 ft.-lb. per 100 lb. of coal, the fuel 
having a thermal value of 12,400 B.t.u. per pound 
and an ash content of 7.59 per cent. In consider- 
ing this duty it is to be noted that the pumping 
units were of less than 2,000,000 gal. daily ca- 
pacity, the head pumped against about 175 ft. and 
that the fires were banked for approximately 16 
hours each day. The best results which might be 
expected from a steam plant of this capacity 


TABLE I, CoNDITIONS AND RESULTS OF THREE-Day TEST. 


October io-11. 


October 11-12. October 12-13. 


Duration of Test. Hr. Min, Hr. Min. Hr. Min. Hr. Min. Hr. Min. Hr. Min. 
Engine? -ranniue ae ete career ioe sence ae 9 Teena 3 10 6.38 8 I 8 2 10 2 
Bires: banked atest men etc decease 5° 56 LOe aes EAE ts) 160. S16 pee. tes tenis 

Fuel. 

Coal used in running, 1b 721.75 704.50 845.50 725.50 638.25 839.25 

Coal used in banking, Ib. 14.50 36.50 44.00 11.50 14.00 14.00 

Total coal,jIbace ce seen 736.25 741.00 889.50 737.00 672.25 853.25 
Salvage from screening, lb 239.00 266.50 368.00 311.50 185.00 202.00 

Salvage per cent. of coal... 39-50 26.00 41.50 42.10 28.20 23.60 

Coal per hr. of running, 1b 88.60 89.40 79.50 90.50 81.90 81.20 
Coal per hr. of banking, Ib.. 0.91 2.28 3-35 0.66 0.88 1.00 

Water. 

Water used in compressing air, both units, Bay 3,600.00 6,000.00 3,840.00 

Water used in blowing hot both units, gal. . 8,200.00 11,600.00 9,800.00 

Time of blowing hot, minutes.............. 17-50 24.50 20.50 

Water used in each vaporizer, gal. per hour. 2.70 2.70 2.70 

Water in each vaporizer, per lb. of coal 

binned, 7 bss iors tuteeentiaueds «<ostas ee 0.27 0.25 0.26 
Water used in each scrubber, gal. per hour. 105.00 105.00 105.00 
Total water used in both scrubbers. gal...... 1,900.09 1,680.00 1,960.00 
Water used in scrubber, per hp. of producer, 

Dee DET HOU te tleety teats etter tle) Nello erererese 7-30 7:30 7-30 
Water used in cooling each engine, gal per 

WOUBMES Ace sei secisiai tere ese statist ots sical nis wave . 23.00 23.00 23.00 
Total water used in cooling engines, gal.. 25, ee ee 22,100.00 25,700.00 
Per cent,.of water pumped... 5... 02s ssi. 1.80 1.90 
Total water used in plant, gal............-- 38, feo: oo 41,400.00 41,500.00 
Per cent..of water pumped. Soca opasoopes 2.90 3.40 3.10 

October 10. October 11. October 12. 

Pumbs. No. 1. No. 2. No. 1. No, 2. No. 1, No. 2. 
Revolttionis: 1 asses oeesteneeaiee ela ete nave o aie Ses 15,652.00 15,417.00 19,440.00 15,768.00 15,668.00 19,676.00 
Revolutions. per minute........-....ce.002 32.00 33-13 30.47 32.78 32.51 32.69 
Discharge per revolution by displacement, gal. 40.62 40.62 sees tee veee cee 
Slip determined by preliminary test. per cent. 6.20 1.70 
Actual discharge per revolution, gal........ “38.10 39-93 tees tees teas sees 
Discharge per minute, alleys emcle so 0s + 3 n- 1,219.20 1,322.88 1,160.91 1,308.91 1,238.63 1,305.31 
Discharge per minute, less water used in cool- , 

Ang; (24. Sovmall sora neyenieesstes ia Sie ayes bas 1,194.40 1,298.08 1,136.11 1,284.11 1,213.83 1,280.50 
Total gallons Fanaped to resérvoi¥.......... 584,062.00 613,992.00 724,838.00 617,657.00 585,066.00 770,867.00 

Pressures No. 1. No. 2. No. 1. No. 2. No. 1. No. 2. 
Force). main, Leet. krcrewteretaleeeiriorsvelere s «0p e'aes 164.80 168.20 166.00 167.00 166.70 166.70 
Suction lita feeteancrasan semetrecini taeeites 12.69 11.90 11.65 II.19 13.42 12.67 

Total ’.o5 Sy slat. Saereeerne es Mites aes! ere id 177-49 180.10 177.65 178.19 180.12 179.37 

Duty. 

In million foot pounds, based on planet Spaces less slip and cooling water. 
No. 2. No. 1. No. 2. No. 1. No. 2. Average. 
Per roo Ib. coal fired during run........... 3 119.78 130.90 126.26 126.44 133-52 137-41 129.05 
Per roo Ib. of coal, including banking....... 117.43 124.46 120.01 124.47 130.74 135.15 125.38 
Per 1,000,000 B. t. u. in coal fired during run. 96.60 105.57 101.82 101.97 107.68 110.80 104.08 
Per 1,000,000 B. t. u., including banking...... 94.70 100.71 96.78 100.71 105.44 109.00 101.20 


independent pump attached to the engine, oper- 
ating against a light pressure. 

By a comparison of the indicated power and the 
work done in pumping it is estimated that a me- 
chanical efficiency of approximately 80 per cent. 
was developed by the pumps. 

The average duty obtained during the hours of 
running was 129,000,000 ft.-lb. per 100 lb. of coal, 
equal to 1.53 lb. per brake-horse-power at the 
water end of the pump, or, allowing 80 per cent. 
efficiency of the pump, equal to 1.22 lb. per brake- 
horse-power of the engine. In this connection 
the fact should be emphasized that both the pro- 
ducers and the engines were running at about 
two-thirds their rated capacity—the unnecessary 
size having been adopted in view of the possible 
future use of the plant in the electric lighting of 
the town. With apparatus more closely adapted 
to the work in point of capacity it is probable 
that the efficiency of the producers would be bet- 
tered 5 per cent., and that of the engines an 
equal amount with a resulting fuel consumption 
of about 1.08 lb. of coal per brake-horse-power 
hour, or a duty, allowing 80 per cent. efficiency 


would not exceed 100,000,000 ft.-lb. per 1,000 lb. 
of steam based on a to-hr. run and not over 
85,000,000 ft.-lb. per 100 lb. of coal (13,000 B.t.u. 
per pound) used during the run. 

A fair estimate of the coal used in banking 
such a plant would be 0.3'lb. of coal per hour per 


‘horse-power of boiler, or for a 100-h.p. boiler and , 


a 16-hr. banking period 480 lb. per night. In- 
cluding this in the daily fuel charge the station 
duty per 100 lb. of coal would be about 60,000,000 
ft.-lb. or less than one-half that of the gas plant. 
With the steam coal available at the plant under 
discussion and containing not much over 10,000 
B.t.u. per cubic foot, the station duty would be 
less than 50,000,000 ft-lb. That these figures are 
reasonable estimates of steam economy in a plant 
of this capacity is proved by a proposition sub- 
mitted under the same general specification as that 
under which the gas plant was purchased and 
tested. Three bids were obtained and the duty 
guaranteed, including banking, varied from 40,- 
000,000 to 65,000,000 ft.-lb. per 100 lb. of Nova 
Scotia coal. As the cost of this coal at St. 
Stephen is practically the same as pea anthracite 
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there could be no doubt of the economic justifica- 
tion of the gas apparatus. 

In any plant, except where the size permits the 
use of vertical, triple engines of the highest class, 
gas producers will demand less fuel expenditure 
than steam apparatus, but it is in pumping service 
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gas plants without loss of efficiency and perhaps 
with increased assurance of reliability. 

The test herein described was designed to show 
what might be expected in daily operation, and 
it is of interest to note that in the eight months 
since the test was made, a station duty within 5 
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where the fires are banked for a considerable 
period and particularly in equipments with capaci- 
ties less than 5,000,000 gal. that gas plants make 
possible a pronounced saving in fuel. What this 
saving amounts to in dollars depends, of course, 
on the relative cost of steam and gas coal in any 
particular place. From Mr. Barbour’s experience 
with this gas plant and in a considerable number 
of well-managed steam plants of various sizes, 
the fuel consumption with the gas apparatus will 
range from one-half to two-thirds of that re- 
quired for the steam plants—the first figure ap- 
plying to the smaller units and the last to the high- 
class horizontal, triplex or vertical compound en- 
gines. If compared with the lower grade of care- 
lessly managed steam plants the relative economy 
‘is still more pronounced. 

As already stated, the small amount of fuel used 
in banking producers is noteworthy. During the 
test the average charge for a 16-hr. period was 
22.5 lb., equal to about 0.01 Ib. per hour per nom- 
inal horse-power of producer or three per cent. 
of the amount used in the twenty-four hours. 
In the regular operation of the station the bank- 
ing charge, using American anthracite, is about 
double this amount, or 50 lb. per night. The 
necessary quantity depends upon the regulation 
of the draft, and by closing the producer tight 
the amount used in the test was reduced to a 
minimum. With such reductioh, however, in- 
creased time is required when again starting up, 
to obtain suitable gas. 

At times in the regular operation of the station 
both engines have been operated from one pro- 
ducer throwing about 150 b.h.p. on the single 
gas unit, equal to a brake-horse-power for each 
0.21 cu. ft. of the capacity of the producer. 
Under these conditions the single producer will, 
for a time, supply both engines with a slightly 
less expenditure of fuel than when two _ pro- 
ducers are ‘in use, but the higher temperature de- 
veloped gradually induces excessive formation of 
clinkers, and it would appear that any demand in 
excess of the nominal capacity of producers, 
which is 0.25 cu. ft. per horse-power, constitutes 
an overload. During the test the average length 
of time required from the commencement of 
blowing hot to the time when the pump was run- 
ning was 23 minutes. In every day operation the 
pumps are running within 30 minutes of the time 
when the engineer enters the plant. 

The division of a plant into small units is of 
advantage in adapting the power to a variable 
load, or, in the case of a ground water supply, 
the varying draft of pump to the seasonal capacity 
of the supply. Such division can be effected in 


HALF SECTION 


HALF SECTION 


729 


on coal having a thermal value of 13,000 B.t.u. 
per pound, with not to exceed Io per cent. ash, 
nor 8 per cent volatile matter, nor 2 per cent. 
sulphur. The obtaining of such coal is not an 
easy matter, and that used in the test did not 
come up to these specifications in thermal capacity, 
although low in ash and better than American 
anthracite at the time available. The question of 
fuel for producers will demand considerable at- 
tention by those operating this type of plant. 
Apparatus for the employment of bituminous coal 
has not yet been sufficiently developed, according 
to Mr. Barbour, to justify its adoption; the gas 
obtained from coke is less rich than that from 
anthracite coal, and this latter fuel in pea size, 
for some time to come, will probably remain the 
most desirable material for producer work. The 
amount of incombustible material or ash, if not 
readily fusible, does not seriously interfere with 
the operation of the producer further than in in- 
creasing the labor of maintaining a free fire and 
in screening salvage. However, it indicates the 
probability of clinker formation in proportion to 
its amount, and a coal with low ash should be 
obtained if possible. Sulphur is an element to be 
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Plan of the St. Stephen Producer Gas Pumping Station. 


per cent. of that then obtained has been developed, 
although pumping against a lower head and using 
an inferior grade of American pea anthracite. In 
other words, the efficiency of a producer plant 
cannot be forced by expert handling during the 
test to the same degree possible with steam plants 
and the economy obtained in a 24-hr. test carried 
out under ordinary working conditions, and with 
the producer in regular operation several days in 
advance of the test, will give a fair expression of 
what may be continuously expected. 

The guarantee of duty at St. Stephen was based 


in the producer or by condensation and elimina- 
tion in the scrubber and cleaner. 

It is difficult to obtain pea coal with less than 
12 per cent. incombustible material. Analyses of 
samples recently collected at twelve different col- 
lieries show an average of 13.63 per cent. ash, 
with a minimum of 10.92 and a maximum of 20.65 

‘per cent., and it would appear that future con 
tracts should not be based on coal with an ash 
content lower than 14 per cent. Practically, the 
user of producer plants must buy commercial pea 
eoal, as the mine agents will not sell according tc. 
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specifications. If the coal is obtained from local 
wharves it usually contains, unless screened, so 
much sweepings and dirt that the ash will run well 
over I5 per cent. If specially screened it, of 
course, costs more than the average market price. 
The best way to obtain suitable coal is to buy 
direct from some colliery where the ash is rea- 
sonably low and sulphur is known, by anaylsis, to 
be not present in dangerous amounts. 

In considering the advisability of a gas plant, 
the question of station heating demands attention. 
The utilization of the heat of the exhaust, amount- 
ing to from 30 to 40 per cent. of the total heat 
of the coal fired, at once suggests itself, and in 
St. Stephen this has been done by installing water- 
jacketed mufflers, of which a plan is herewith 
shown, through which the exhaust gases pass. 
Hot-water piping leads from these mufflers as 
from an ordinary heater, and to maintain the 
temperature when the plant is not in operation a 
small heater of the regular type has also been in- 
cluded in the heating equipment. Proper lubrica- 
tion is difficult at low temperatures and some 
means of heating the engine room is necessary, 
as the heat from the engines is insufficient. 

Mr. Barbour’s experience indicates greater diffi- 
culty in maintaining an attractive engine room 
than in steamwork. Some gas will escape at times 
and some smoke from the cylinder lubrication— 
the first discoloring lead paints and metal sur- 
faces, and the latter suggesting the advisability 
of high, well-ventilated ceilings. Lubrication is 
a larger item in the expense account than with 
steam apparatus, and in specifications emphasis 
should be laid on the means to be provided for 
preventing the throwing of oil from moving parts 
and for its collection after use. 

The first cost of gas apparatus will be at least 
20 per cent. greater than the cost of a steam 
apparatus of equal capacity, economically pur- 
chasable, but, as already pointed out, particularly 
in the smaller sizes the higher efficiency of the 
gas apparatus will more than make up for its in- 
creased first cost. The floor space required by the 
gas plant will not be less than that necessary for 
the steam apparatus, and the labor of attendance 
will be about the same in both plants. The first 
duty of a pump, entirely aside from its efficiency, 
is to pump water, and the question remains as to 
the relative reliability of gas and steam plants. 
By this term would be included the ability to start 
at a definate time each day without failure and to 
make the run without incident disturbing to the 
security of the service. A gas engine properly 
designed should be no more liable to mechanical 
accident than a steam engine, and with ignition 
difficulties discounted by reasonable care of the 
igniters and the cylinders and valves kept clean, 
prompt starting and steady running may be safely 
anticipated so long as gas of suitable quality is 
furnished by the producer. Specifications should 
require the furnishing of duplicate igniters, and 
if, when idle, the engine stands under conditions 
liable to condense moisture in the combustion 
chamber, a dry and clean igniter should be in- 
serted before attempting to start. In the regular 
operation of the St. Stephen plant, however, the 
engine has been run for a month at a time with- 
out removing an igniter. 

Difficulties in the running of gas plants may 
be charged to producer conditions, and usually 
to a failure to properly regulate the air and 
steam supply so as to maintain such a tempera- 
ture that a gas of the proper calorific value will 
be developed. By intelligent supervision this can 
be done, although in the days of getting acquaint- 
ed with the plant, many failures may result, and 
incidents perplexing and disturbing will await the 


novice in the work. The great need to-day is the’ 


development, by the manufacturers, of expert 
runners to put plants in operation and instruct 
the engineer who is to remain permanently in 
charge. At St. Stephen, in the month before the 
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test was made, troublesome incidents frequently 
occurred. 

After the test at St. Stephen, the plant was 
turned over to a local engineer—a steam engi- 
neer, but without prejudice—and up to the present 
time he has run the engines 8 hr. daily without 
trouble, starting up in less than thirty minutes 
and, as already stated, developing a duty within 
five per cent. of that obtained in the test. 

In the face of this favorable experience, how- 
ever, Mr. Barbour believes that it is not unfair to 
the gas plant to state that there are more factors, 
each essential to its operation, and one or more 
of which may for a short interval fail to do its 
work, than in the case of steam apparatus. A 
gas plant either works wéll and economically or 
not at all; a steam plant will usually run, but 
often at most extravagant cost. 

As to the depreciation of gas apparatus there 
appears to be but little available information, but 
from general considerations it would seem that 


. the temperatures and pressures involved in gas 


engine work must lead to a depreciation greater 
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Conservation of Life and Health by Im- 
proved Water Supply. 


Abstract of an address by George M, Kober, Professor of 
Hygiene, Georgetown University, presented at the 
Conference on Conservation of Natural Resources. 


The water which is required for daily use 
comes from the clouds in the form of rain or 
snow. Of this a certain amount is evaporated; 
another portion may be collected in cisterns, an- 
other soaks into the earth to reappear in the 
form of springs, another portion flows off in the 
direction of surface slope to join the ponds, lakes, 
streams or rivers, or it may penetrate the earth 
sufficiently deep to require us to dig wells for 
its collection. The sources of domestic water 
supply may therefore be classified as rain and 
snow water, surface water (including ponds, 
lakes, streams and rivers), and ground water in- 
cluding springs and wells 

The amount of water available for community 
purposes depends on the precipitation and the 
precautions taken in a given watershed for the 
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than in steam apparatus. Mr. Barbour’s experi- 
ence suggests the advisability of heavy, cast-iron 
piping in the exhaust line, a short section of 
wrought-iron having become honeycombed in the 
St. Stephen plant with a few months’ work. 

A producer plant requires closer attention 
during the houfs of running than steam apparatus 
of the type usually employed. In a recent visit 


to one of the better class New England steam’ 


stations, Mr. Barbour found a 3,000,000 gal. com- 
pound vertical engine running with both engineer 
and fireman away at dinner in an adjoining house. 
Of course, this is not good practice, but certainly 
safer than in the case of a producer plant of 
equal capacity. There is also greater capacity in 
the steam apparatus to meet sudden changes of 
load as the producer must gradually accommo- 
date itself to the change in order to maintain gas 


of uniform quality. With no storage a producer 


plant would not be the best power; for fire service 
and quick and absolute starting at full load it is 
not fitted, but, with an amount of water in storage 
sufficient to discount any reasonable delay or 
where the operation of the pumping plant has a 
not too intimate relation to the immediate supply 
of the consumer, the greater economy of the gas 
apparatus should give it precedence over steam 
in all cases, except those where circumstances 
justify the use of the highest class plants of the 
latter type. 


Tur TRAFFIC ON PRUSSIAN INLAND WATERWAYS 
is shown in a recent consular report to have been 
52,753,019 metric tons in 1906, a large increase 
over that of the preceding year. 


conservation of the waters. The mean annual 
rainfall for different portions of the United 
States has been tabulated by the United States 
Weather Bureau; it averages some 30 in. 

Fanning gives the average of 40 in. for New 
England and the Middle States. One inch of 
rain would amount, according to Church, to 
nearly 101 (gross) tons per acre or on a house 
roof of say 20 x 20 ft. area, I in. of rain would 
be about 250 gal. With a rainfall of 40 in. per 
annum this would amount to 10,000 gal., or, 27 
gal. per day. The average daily supply per capita 
in most of our Northern cities ranges from 20 to 
127 gal., or more. 

The needs for community water supplies are 
met according to the location of the town or city 
with reference to the availability of springs, 
streams, rivers and lakes. Since springs rarely 
yield a sufficient supply of water for general use, 
it is perfectly natural that in the majority of 
instances, surface water, like streams, rivers, lakes 
or ponds were utilized for public water works 
and when these were not available, recourse was 
had to shallow and deep wells and so-called filter 
galleries. 

It is interesting to note that according to M. N. 
Baker the number of towns in this country be- 
fore 1800 having a public water supply was only 
16, supplying about 2.8 per cent. of the existing 
population; in 1850 there were only 83 public 
waterworks, supplying about 10.6 per cent. of the 
census population; in 1897 the total number was 
3,196 supplying about 41.6 per cent. of the popu- 
lation. The number has greatly increased, but 
exact information is not available. 
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River water is a mixture of spring, ground, 
rain and surface water. The English River Pol- 
lution Commission in its Sixth Report, estimated 
that about one half of the water descending as 
rain finds its way into streams. Rivers are always 
purer near their source; the amount of impurities 
increases as we descend the stream, since the 
water-courses are the natural drainage channels 
of the country and the wastes of human life and 
occupation find their way into the streams. It is 
for this reason that rivers, after passing through 
cultivated valleys with cities, towns or settlements 
along their banks often contain a dangerous 
amount of mineral and organic matter. Thus 
the Mississippi at Minneapolis contains only 18.6 
total solids per 100,000, while the same river at 
‘St. Louis contains 244.3 per 100,000. 

The sanitarian recognizes two principal forms 
of pollution; first, the amount of mineral matter, 
and second the character and amount of organic 
matter contained in the water. The amount of 
mineral matter depends largely on the geological 
formation of the country and the erosive power 
of the streams. Water containing 50 parts per 
100,000, or 30 grains of solid matter per gallon is 
unfit for drinking purposes on account of its 
irritating effects upon the gastro-intestinal tract; 
but beyond this, turbidity is of no special sanitary 
significance unless the water also contains metallic 
poisons or objectionable chemicals. 

The Potomac River, which may serve as a type 
of American rivers for our discussion, is subject 
to various forms of pollution. For example, 
certain pulp mills, tanneries and manufacturing 
establishments defile the water by chemicals and 
other refuse—one paper mill alone discharges 
Over 100,000 gal. of liquid into the river each 
day heavily laden with sulphuric and tannic acids. 

These forms of pollution, although at times so 
great as to prove destructive to game fish, are of 
less interest to the sanitarian than contamination 
with excrementitious matter from human beings 
or animals, within the towns and settlements of 
the Potomac: basin; the drainage area of the river 
covers I1,400 square miles, with a population of 
501,647 or 44 per square mile. Among the larger 
towns may be mentioned Cumberland, Frederick, 
Hagerstown, Harpers Ferry, Staunton; as none 
of these are wholly sewered, most of the con- 
tamination is derived from surface drainage. 

Notwithstanding these numerous sources of 
pollution, the Potomac River, according to the 
chemical analysis, compares very favorably as re- 
gards purity with other American rivers. The 
results arranged in Table 1 for comparison are 
based on daily analyses of the Potomac water 
made by Mr. R. S. Weston, between July 1, 1899, 
and Jan. 20, 1900, and daily analyses made by 
Mr. F. F. Longley in 1906 and 1907. 


of man or animals. 
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colder months, because of the fact that in winter 
much water runs in over the surface from 
manured fields and the purifying agencies are less 
active. 

These exhaustive studies also confirmed the 
conclusions of Theobald Smith and the writer, 
that turbidity of the Potomac water is always ac- 
companied by a larger amount of organic matter 
and germs, and that fecal bacteria and turbidity 
are coincident, simply because the same showers 
that bring along large sections of pulverized river 
banks, also wash through towns, barnyards, cess- 
pools and outhouses before finding their way into 
the creeks and rivers. Mr. Longley’s examina- 
tions covering a period of 27 months show that a 
wave of high turbidity is always accompanied by 
a very high bacterial content, the maximum num- 
ber of bacteria per cubic content in the raw water 
was 175,000 during a period of highest turbidity; 
the minimum number per cubic content was less 
than 100 during a period of lowest turbidity, with 
an average during the entire period of 4,852. 

“The presence of intestinal bacteria is satisfac- 
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Vicinity of Cumberland, Md. 


tory evidence of contamination with fecal matter 
Apart from the fact, that it 
conclusively shows, that much valuable organic 
matter has been carried away which should have 
been retained in the uplands for manurial pur- 
poses, the presence of sewage bacteria is signifi- 
cant of danger and strongly points to the possi- 
bility that such waters may be infected with 
typhoid bacilli. 

It has been estimated that the sewage from the 


3 TaBLE 1.—ReEsULTS OF ANALYSES OF Potomac WaTER. 
Total Free Alb. Nitrites. Nitrates. Chlorine. Required 
; solids. ammonia. ammonia. oxygen. 
IRODELEM MIEN ERLOM eats Wot cee oes veces ees 139.0 0.013 0.105 0.002 0.73 2.60 4.50 
F, F: Longley CAI 6 aio Cae Baer pete 0.013 0.075 0.088 0.0035 1.70 
“ Ane 3 fies 0.015 0.0/3 0.093 0.0037 1.80 
MaSontsusadteriimiite..-siocsccce cc cse ces 150-300 -OI-.12 .10-.28 -0135-.033 ” 0.42 3-10 5-7 
(*) Average for 1906. Turbidity 142. 
(7) Average for 1907. Turbidity 97. 


Bacteriological examinations of this water have 
‘been made by various competent authorities at 
the Army Medical Museum, and by Kinyoun and 
and Sprague, of the Public Health and Marine 
Hospital laboratory. The latter also examined 
samples at or near all the important towns from 
the head waters of the Potomac and Shenandoah. 
These samples may be said to accurately represent 
the bacteriological conditions of the entire river, 
and intestinal organisms were found in over 50 
per cent. of the specimens examined. The more 
recent examinations conducted by Mr. F. F. Long- 
ley, chief chemist of the Washington Filtration 
Plant, show that of 906 samples tested, 45 per 
cent. revealed the presence of the bacillus coli 
communis which belongs to the sewage group. 
The germs are always more plentiful during 


vicinity of Cumberland, a distance of about 134 
miles, requires from two to four days to reach 
the Washington Aqueduct. It is also known that 
typhoid germs retain their vitality in ordinary 
water from six to ten days, and could therefore 
infect consumers of water in Washington. 

Dr. Kober’s suspicions that typhoid fever germs 
may travel all the way from Cumberland were 
confirmed as early as the winter of 1889-1890, by 
studying the effects of the typhoid fever epidemic 
at Cumberland upon the prevalence of the disease 
in Washington. The records of the Health Office 
show that during this epidemic, from December, 
1889, to April, 1890, the deaths from typhoid fever 
amounted to 74, as compared with 42 for the cor- 
responding months of the previous year. Indeed, 
almost double the number of typhoid deaths oc- 
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curred during these months than for any similar 
period either before or since this epidemic. 

The accompanying chart shows that this epi- 
demic resulted in the highest typhoid mortality 
rate ever reached in this city, viz., 104 per 100,000, 
as shown in Diagram 1. 

Cumberland during these four months had 45 
deaths and 485 cases, Washington had 74 deaths 
and about 740 cases, and yet the starting point 
was the excreta of one patient washed into a little 
run, which empties into the Potomac about 300 ft. 
above the pumping station of the water supply 
for Cumberland. In the face of this fact, and 
the almost constant presence of intestinal bacteria, 
Dr. Kober had no hesitation in declaring that a 
considerable proportion of typhoid fever in the 
National Capital was due to infected Potomac 
water, and with other members of the medical 
profession urged its purification. 

The accompanying Diagram 2 shows conclu- 
sively that the typhoid fever rates were highest 
when the Potomac water was served in a raw 
state without any preliminary purification what- 
ever. 

The Dalecarlia Reservoir was not in use as a 
sedimentary basin from June 20, 1886, to July 28, 
1895. The comparatively high typhoid fever 
rates, especially during the Cumberland epidemic 
which started in December, 1889, are evident. 
The decline, especially after the installation of 
the McMillan Reservoir in 1902, may also be seen. 
The sharp rise in 1902, in the light of knowledge 
of bacillus carriers, may possibly be explained by 
the assumption that during the construction of 
the tunnel and reservoir more or less pollution 
took place by careless workmen. 

The diagram is also instructive in showing a 
remarkable decline in the deaths from malarial 
and typho-malarial fevers and diarrhceal diseases. 
There is little doubt that many of these cases 
were really typhoid fever, and that the decrease 
in typhoid fever is, in fact, very :nuch greater 
than appears from the mortality returns. 

When the fact that deposition of sediment alone 
removes 87 per cent. of the bacteria in a local 
water system is recalled, it is readily appreciated 
what Professor Sedgwick has said “that the puri- 
fying effect of these sedimentary basins was im- 
mediately to remove from the polluted river water 
a large percentage of any typhoid fever germs 
present at the intake, and thus to forestall to a 
remarkable and unforeseen extent the burden of 
removal which the filter was expected to bear.” 
It should also be borne in mind that during the 
year 1906 typhoid fever prevailed in Cumberland 
to an unusual extent, but contrary to the experi- 
ence of 1890, there was no increase; hence it may 
be fairly presumed that the filtration plant, as 
expressed by Dr. Magruder, “stood as a guard 
between the inhabitants of Washington and Cum- 
berland.” The typhoid rate in 1907 was only 
34.59 per 100,000, which is the lowest rate ever 
reached, and certainly a remarkable reduction 
from 104 in 1890. 

What has been said of the Potomac River is 
equally applicable to the Ohio, Mississippi, Merri- 
mac, Connecticut, Missouri and other American 
rivers, because they are the sewers and-at the 
same time the source of water supply for nearly 
all the cities located on their banks. These cities 
show, moreover, a marked prevalence of typhoid 
fever, thus confirming what has been observed 
over and over again, that this disease, as also 
cholera, dysentery and diarrhceal diseases can be 
carried from one town or city to another by 
means of inland waterways. Indeed, the question 
is one of extreme interest even to the residents 
along the Great Lakes, the basin of which ac- 
cording to the census statistics (especially the 
area contiguous to Lakes Ontario, Erie and 
Michigan), is next to the Atlantic seaboard the 
most densely populated area of the United States; 
we know that large cities like Buffalo, Erie, 
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Cleveland, Detroit, and Milwaukee discharge their 
sewage into the lakes, and it is known how Chi- 
cago and Cleveland suffered from typhoid fever 
visitations by contaminating their own water sup- 
plies. It is also a well-known fact that many of 
the river cities were obliged to resort to purifica- 
tion of their water supplies in order to arrest the 
ever increasing typhoid fever wave. 

For the purpose of determining the influence of 
public water supplies on the typhoid fever death- 
rates in general, Mr. M. O. Leighton, chief of the 
Water Resources Branch of the U. S. Geological 
Survey, complied with Dr. Kober’s request for a 
list of the principal American cities with -a popu- 
lation of over 30,000, classified according to the 
sources of their water supply. Dr. Cressy L. 
Wilbur, chief statistician of vital statistics, Bu- 
reau of the Census, furnished the death rates 
from typhoid fever for the calendar years 1900 
to 1906 inclusive, these being all of the years for 
which annual returns of deaths have been re- 
ceived by his office. 

In order to give a general view of the relative 
death rates, Dr. Wilbur has computed the mean 
rate (not the average annual rate, which, however, 
differs only slightly for the five years 1902 to 
1906), and has arranged them in Diagram 3, 
given herewith. It has been necessary to omit 
certain cities either because the information sup- 
plied was not of an entirely definite character, or 
because the city was not accepted as a registra- 
tion area for the whole or a part of the period 
covered. This diagram is also restricted to cities 
in which, according to the information supplied, 
there has been no special means of purification 
during the period covered. 

Detail statistics regarding the various cities in 
this country were given in a long table accom- 
panying the report, from which a summary of 
typhoid fever death rates is given in Table 2. The 
rates for cities using unpurified river water fluc- 
tuate from 33.1 at Minneapolis to 122.1 at Alle- 
gheny and even 133.1 at Pittsburg. : 


TABLE 2.—MeEAN TyPHoIp FEveR DEATH RATE FROM 1902 
TO 1906 PER 100,000 OF POPULATION. 


4 Cities using ground waiter from large wells........ 18.1 
OL TSE “e impounded and conserved rivers or 
SERECATIG catia iarel shelve Rup eNs tareseun ori oe tab mace caietev ee aetna 18.5 
8 Cities using water from small lakes.............. 19.3 
REN Z bY {=the Great Liakesajoens +. 32.8 
Ber sce «both surface and underground water 45.7 
TO} es ss Polluted River Water..............- 61.1 


Water pollution involves both economic and 
public health problems. Victor Hugo claimed that 
Paris casts 25 millions of francs annually into 
the sea. While it is true that the sewers of Paris 
discharge daily not less than 300,000 cubic meters 
of sewage into the River Seine, which before the 
establishment of sewage farms was lost to the 
agriculturist, its actual value has been overstated 
by this brilliant author. 

Von Pettenkofer calculates the average amount 
of feces per annum at 34 kgr. and of urine 428 
kgr. for each person. Fresh feces contain on the 
average 25 per cent. of dry solids with about 1.4 
per cent. of nitrogen, while fresh urine contains 
from 4 to 5 per cent. of solids, with about 1.33 
per cent. of nitrogen. Erismann calculates that 
the refuse of a city of 100,000 inhabitants amounts 
every 24 hours to 9 cubic meter of feces, 120 cubic 
meters of urine and 12,500 cubic meters of house 
waste waters; he does not include the sweepings. 
Uffelmann estimates these at 140 cubic meters, or 
a total of 12,768 cubic meters a day, exclusive of 
the rainfall. 

The estimated money value of the refuse of a 
city of 100,000 upon the above basis is stated by 
Paltzow and Abendroth to be not less than 3,600,- 
000 marks, or about $900,000 per annum, but these 
values, although conservative for German condi- 
tions, are quite theoretical and will depend largely 
upon the demand. 

According to the Census of 1900 there were 
35,379 deaths from tvphoid fever during the 
census year throughout the United States; and 


‘called preventable diseases. Mr. 
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based on an estimated mortality of Io per 
cent., it is within reason to assume a yearly prev-— 
alence of 353,790 cases of this disease. Assuming 
the average cost for care, treatment and loss of 
work to be $300 and the average value of a 
human life at $5,000, a total loss in the United 
States of $283,032,000 occurs from one of the so- 
George C. 
Whipple, in a discussion of the value of pure 
water, presents some striking evidence to indicate 
that a loss of $10,000 for every death from 
typhoid fever is a conservative estimate, in which 
case the decrease in the “vital assets” during the 
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Richmond borough, N.Y! 16.7 Y 

Queens borough,N.Y, 17.8WWZ ts | 

Camden, N.J. 18.6 |W/47 |WELLS | 
Lowell, Mass. 19.4 Bs 
Lincoln, Nebr. 23.9 
Dayton,Ohio 28.5 WWM, DEEP WELLS | 
Memphis,Tenn. 40.5 Wh 

South Bend,Ind. 21.1 | 

San Antonio, Texas 50.2 TT FLOWING WELUS 
Savannah,Ga. 51.6 Wi 

Newton, Mass. 9.3 ee Se mares 
WGreWayne Lada 38 6 WELLS-UNIDER|RIVER 
New Orleans,La. 36.8 | 
Covington, Ky. 41.4 j RIVER WATER 
Richmond, Va. 58.3 WU SU PPLIES 
Louisville, Ky. 59.8 TWA (SOUTHERN CITIES ) 
Atlanta,Ga. 68.3 YUVA 

Seattle, Wash. 35.6 ] 

Evansville, Ind. 38.5, WY 

Springfield, Ill. 39.7 YW RIVER| WATER 
Grand Rapids, Mich. 48.5 Whi SUPPLIES 
Wiese 57.6 WU NORTHERN CITIES 
Lancaster, Pa. 60.8 MWY UNDER 100,000/0F| 
Harrisburg, Pa. 12. ILL POPULATION ) 
Wheeling, W.Va. 96.4 y YU Ui 
Minneapolis, Minn, 33a / RIVER WATIER 
Toledo,Ohio. 38.417 Wd SUPPLIES 
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Cincinnati,Ohio. 
Philadelphia, Pa. 
Allegheny,Pa. 
Pittsburg, Pa. 
Rochester, N.Y. 
Syracuse,N.Y. 
Fall River, Mass, 
Brockton, Mass. 
Taunton, Mass. 
Haverhill, Mass. 
Portand, Me. 
Salem, Mass. 
Milwaukee, Wis. 
Detroit, Mich. 
Chicago, [11. 
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Buffalo,N.Y. GREAT LAKES 
Erie, Pa. 7) | aii 
Cleveland,Ohio. yj a 
Duluth, Minn. yj 

Fitchburg, Mass. i 

Cambridge, Mass. 12.0 if 

Somerville, Mass. 13.2 

Worcester, Mass. 13.6 

Bridgeport,Coun, 16.2 | 

Hartford,Conn. 20.07 IMPOUNDING 
Malden, Mass. AWM RESERVOIRS 
Boston, Mass. 21.7 y 

Chelsea, Mass. 24.6 7} is 

New Bedford, Mass. 25.1 y 

Waterbury,Conn. 27.9 

Scranton, Pa. 25.4 

Portland,Oreg. 34.6 

Johnstown, Pa. 38.6 

Altoona,Pa. 52.6 

Salt Lake City, Utah 75.3177) 

Hoyoke, Mass. 10.6 

Bronx borough,N.Y. 4A) | 

Manhattan borough, N.Y 415.177 | 
Pawtucket,R.I. - (16.6177) |_| CONSERVED |RIVER 
Newark,N.J. Vi.GWY, OR STREAM SUPPLY 
Jersey City,N.J. 18.8V/W7 

Baltimore, Md. 36. WW. 

St.Paul, Minn, 13.91/7 | 

Canton,Ohio 20. 4AWWZ BOTH| SURFACE AND 
Brooklyn borough,N.Y. | 20.7 UNDERGROUND WATER 
Columbus, Ohio SIMD SUPPLYS | | 
McKeesport, Pa, 10L. WEL 
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Typhoid Deaths per 100,000 for 1902-1906. 


census year of 1900, would amount to $353,790,- 
ooo. Reduce the prevalence of this disease one 
half (which has been accomplished in Europe and 
this country), and the economic question of the 
hygienic value of pure water will be answered. 
Mr. Whipple, while admitting that this is merely 
a transference of money from one man’s pocket 
to another, emphasizes the fact that “unnecessary 
expenditure is a loss,’ and that deaths from 
typhoid fever and from other diseases represent 
a very material loss of the productive capacity of 
a community and consequently a decrease in what 
may be termed the “vital assets.” He computes 
upon what may be regarded a very sound basis, 
that “each million gallons of polluted Allegheny 
River water pumped into Pittsburg has heretofore 
reduced the vital assets of the community by $r1o. 
This for a population of 350,000 amounts to $3,- 
850,000 per year—a sum enormously greater than 
the annual cost of making the water pure.” —. 
In like manner he calculates that the increased 
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value of the water to the city of Albany, where 
the typhoid fever rate was reduced from 104 to 
26 per 100,000 by efficient filtration amounts to 
$475,000 per year, of which at least $350,000 may 
be considered as a real increase in the vital assets 
of the city.” 

The effect of change of water supply on typhoid 
fever death rates in seven American cities is 
shown in Diagram 4, based on a long table ac- 
companying the address. Dr. Wilbur, of the 
Bureau of the Census, has given the death rate 
for a considerable time before and after the date 
of change, and also the average annual death 
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CHANGE IN WATER SUPPLY 


1-FROM UNFILTERED RIVER SUPPLY TO FILTERED 
RIVER SUPPLY. 

2-FROM UNFILTERED RIVER SUPPLY TO WELLS. 

3 -FROM POLLUTED RIVER SUPPLY TO CONSERVED 
RIVER SUPPLY. 
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Typhoid’ Deaths per 100,000 in Seven Cities, 


rate before and after purification, and the per- 
centage of reduction. From the table it was 
shown that the combined average annual death 
rate from typhoid fever in cities with a contami- 
nated supply was 69.4 and after the substitution 
of a pure supply it fell to 19.8 per 100,000; a re- 
duction of 70.5 per cent. 

The Bulletin for the month of April, 1908, of 
the New York State Department of Health con- 
tains an interesting article showing that the death 
rate from typhoid fever in ten cities.of that State 
has been reduced 53.4 per cent. by an improved 
water supply. The details are shown in the ac- 
companying Table 3. 

It may be urged that improved methods of 
medical treatment are responsible for a consider- - 
able reduction in the death rates from typhoid 
fever, but when in the light of such a striking 
change immediately after the installation of fitra- 
tion plants as in the case of the American cities 
shown in Diagram 5, the conclusion may be drawn 
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that water purification plays the most important 
role. The rates in this chart are per 100,000 of 
population, except in the case of the city of Cin- 
cinnati, where a comparison is made in the num- 


TABLE 3.—REDUCTION IN AVERAGE TypHoID DEATH RATE 
PER 100,000 DUE TO CHANGE IN WATER SUPPLY. 
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ber of deaths since the introduction of filtered 
water, for November and December, 1907, Janu- 
ary, February and March, 1908, and the corre- 
sponding months for 1905, 1906 and 1907. 
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typhoid fever in 12 States, including all of the 
New England States, New York, New Jersey, 
Maryland, California, Minnesota and Michigan, 
has fallen from 55 in 1880 to 21 per 100,000 in 
1905, were also excluded. ‘ 

The incomplete and unsatisfactory character of 
the mortality statistics in the United States is 
largely due to the limited extent of.the registra- 
tion area. The importance of vital statistics, 
which constitute the foundation stone of public 
hygiene, is not fully recognized by our States, 
and yet, as remarked by Dr. Billings, “when we 
wish to study the healthfulness of a city, whether 
it is getting better or worse, or judge correctly 
the effect of certain sanitary laws, we should not 
only know the number of deaths, but also the 
amount and character of the prevalent diseases 
together with accurate information as to the 
number of population at different ages.” 


What has been said of typhoid fever is equally, 


true of other water-borne diseases like cholera, 
_dysentary, cholera morbus, diarrhoeal diseases and 
the transmission of the eggs of intestinal and 
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Typhoid Fever Death Rates per 100,000 for Various Countries and Cities. 


The gefieral movement of typhoid fever in dif- 
ferent countries and cities showing percentage of 
decrease from first to last period were shown in 
another long table accompanying the report, and 
are graphically illustrated herewith in Diagram 6. 
The period covered by Dr. Wilbur is (as nearly as 
convenient) the last quarter of a century, and 
the rates are usually given for successive /five- 
year periods, beginning with 1881. The table 
showed that during the last 25 years the death 
rate from typhoid fever has fallen in 14 countries 
and cities from an average of 42.3 to 181 per 
100,000, a reduction of 54.3 per cent. A more 
striking reduction could have been made, if statis- 
tics going back as far as 1870 had been included. 
The typhoid rate in Berlin in 1872 at a time when 
that city was riddled with cesspools and supplied 
with polluted water was as high as 142 per 100,000. 
On account of the incomplete mortality returns 
everywhere prior to 1881, it was deemed to 
exclude all older foreign statistics, and for similar 
reasons Dr. Wilbur begins his statistics for the 
United States with 1890. Mr. Whipple’s statis- 
tics, which tend to show that the death rate from 


other parasites, because the germs or eggs of these 
diseases are present in the intestinal tract and 
presumably also in sewage contaminated water. 
Thus, for example, the cholera epidemic of Ham- 
burg in August, 1892, resulting in 17,020 cases, 
with 8,605 deaths, was caused by a band of gyp- 
sies camped on the banks of the river Elba, and 
the discharges of one of its members suffering’ 
from cholera were emptied into the river which 
at that time was served to the inhabitants of 
Hamburg without filtration. The epidemic spared 
the adjoining city of Altona, which derives its 
water from the same river after receiving the 
sewage of Hamburg with its 800,000 people, but 
Altona filtered its water and Hamburg at that 
time did not. 

What the purification of Potomac water has 
accomplished in the way of reducing the mortal- 
ity from typhoid, malarial and diarrhceal diseases, 
Mr. Allen Hazen has conclusively shown that as 
a result of the installation of filtration plants in 
five cities supplied previously with an impure 
water, there was not only a reduction of 81 per 
cent. in the deaths from typhoid fever, but also a 
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marked reduction in the general death rate. His 
computations clearly indicate that where one 
death from typhoid fever has been avoided by the 
use of a better water, a certain number of deaths, 
probably two or three from other causes have 
been avoided. It is a difficult matter to explain 
how water is connected with the deaths other 
than those from water-borne diseases, yet when 
it is considered that water enters into the com- 
position of the human body to the extent of 63 
per cent., one may appreciate the sanitary acumen 
of Aristotle when he wrote in his Politica: “The 
greatest influence on health is exerted by those 
things which we most freely and frequently re- 
quire for our existence, and this is especially true 
of water and air.” 

Professor Finkelnburg, of Bonn, estimates that 
the average length of human life in the sixteenth 
century was only between 18 and 20 years, and 
that at the close of the eighteenth century it was 
a little over 30 years, while to-day it is between 
38 and 4o years—indeed the span of life since 
1880 has been lengthened about six years. No 
two factors have contributed so much to the gen- 
eral result as the improvement of the air we 
breathe and the water we drink. Indeed, ample 
evidence is available that with the introduction of 
public water supplies and sewers the general mor- 
tality in numerous cities during the past fifty 
years has been reduced fully one-half, the good 
effects being especially shown by a marked de- 
crease in the number of cases of typhoid fever, 
diarrhoeal diseases, and consumption. The vital 
statistics of Great Britain furnish the proof, and 
experience with American cities confirms this 
conclusion. 

The mortality of London between 1660 and 
1679 was 50 per 1,000 of inhabitants; from 1680 
to 1728, including the period of pests, it was 80 
per 1,000; between 1729 and 1780 it was still 4o 
per 1,000, since which time it has steadily de- 
creased to I5.I per 1,000 in 1905. 
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in Death Rates Incident to Water 
Purification. 


Reduction 


The death rate in the City of Berlin has been 
reduced from 32.9 in 1875 to 16.4 in 1904; in 
Munich from 41.6 in 1871 to 18 in 1906, and in 
Washington from 28.08 in 1875 to 19.25 in 1907. 

The death rate in the city of New York in 1804 
was 28 per 1,000; from 1850 to 1854 it was 38 per 
1,000; while in 1906 in spite of the density of 
population it was 18.9 per 1,000, practically a re- 
duction of 50 per cent., which, according to Mr. 
Walter F. Wilcox, of Cornell University, means 
a saving of something like 46,000 lives each year 
in that city alone. 

The mortality in the registration area in .the 
United States has been reduced since 1800 from 
19.6 to 16.2 per 1,000 in 1905. Taking the census 
figures of a population of 33,757,811 in the regis- 
tration area as a basis, the number of deaths in 
1905 was 544,533; whereas at a rate prevalent in 
1890, they would have been 662,654; a reduction 
of 17.8 per cent. and a saving in one year of 118,- 
t21 lives.. If the same ratio is applied to the 
entire estimated population in the United States 
of 82,574,195 the saving of human lives during 
1905 alone would be over 290,000. 
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None would think of establishing a vicious 
circle between our mouths and the drainage of 
our houses and stables, and yet practically this 
has been suffered to be done upon the assumption 
that rivers purify themselves. A certain degree 
of purification is possible by natural means, such 
as dilution with unpolluted water, deposition of 
suspended matter, the agency of aquatic animals 
and plants, the bacteria of nitrification, the de- 


structive influence of sunlight upon germ life, and _ 


the chemical affinity of certain bodies. These 
factors are calculated to purify waters, provided a 
chance is given them. This may still be true in 
very sparsely populated regions of this country, 
but with increasing settlements, the pollution of 
our streams will become continuous from their 
sources to their mouths, and river water to which 
sewage gains access must be considered as danger- 
ous for drinking purposes. 

One of the most pressing needs is an investiga- 
tion into the pollution of water supplies, when 
such pollution affects or threatens to affect the 
sanitary condition of the people of more than one 
State, because the individual States are powerless 
to protect themselves against the misdeeds of their 
neighbors. Mr. Bartholdt’s bill for the appoint- 
ment of a river pollution commission, first intro- 
duced in 1896, has not yet become a law. Eng- 
land enjoyed the benefit of such a commission 
as early as 1855, and in order to prevent, remedy 
and remove the danger of polluted water supplies, 
adopted a comprehensive system for the disposal 
of sewage an@of water purification, the fruits of 
which have already been referred to. 

Sanitarians have maintained for years that no 
community or individual has a right to pollute 
streams used for public water supplies any more 
than a man has to poison his neighbor’s well. The 
legal aspects of Water Pollution were presented 
by Dr. J. L. Leal in a paper read before the 
American Public Health Association, 1901, and it 
is gratifying to note that quite a number of our 
States and Territories, though in various degrees 
of effectiveness, have sought to protect waters 
used for public supplies within their boundaries. 
While much commendable progress has been 
made, more remains to be done, especially as re- 
gards uniformity of legislation and adequate pro- 
tection of interstate waters. All that is needed 
in this country is a correct appreciation of the 
dangers of interstate water pollution. 

The principles of common law as to waters have 
been appreciated by some of the nations of 
Europe. Thus the inhabitants of a town in Bel- 
gium suffered from the effects of a river polluted 
by the French, and the French government not 
only compelled the offending city to dispose of its 
sewage by irrigation, but granted a subsidy for 
this purpose. 

After determining the extent and dangers of 
river pollution, the remedy can and should be 
applied. This remedy is not only of interest to 
the sanitarian but also the agriculturist and con- 
sists in the adoption of a proper method of sew- 
age disposal, including harmful industrial wastes. 

The best methods so far proposed, Dr. Kober 
says, is sewage farming or irrigation. The British 
Royal Commission as early as 1876 approved it; 
in fact, this method has been successfully used for 
centuries on the hot plains of Northern Italy and 
in Spain, and will also have a very promising 
future in the West where every drop of water is 
needed for irrigation. 

The city of Berlin purchased about 20,000 acres 
of land, and notwithstanding the enormous out- 
lay of a little over $3,000,000 for the land and 
over $10,000,000 for the sewer system, operates 
these farms at a net profit of about $60,000 per 
annum. The city employs men condemned to the 
workhouse as laborers at the farms, and practi- 
cally converts vagabonds into a producing class, 
with a fair prospect that many of these individ- 
uals will continue their honest efforts to become 
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self-supporting citizens. Moreover, the old manor 
houses of the individual farms are utilized as 
country homes for convalescents, and thus the 
beneficient effects of this-system are felt in more 
than one direction. 

Heretofore it has not been considered necessary 
to prevent the pollution of rivers affected by tide 
waters. Dr. Conn, of the Wesleyan University, 
in 1894, traced, however, an outbreak of typhoid 
fever to raw oysters, which had been fattened in 
a place where they were liable: to contamination 
by typhoid infected sewage, and since then numer- 
ous instances have been reported elsewhere. It 
has been shown that typhoid fever germs remain 
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viable in oysters from fourteen to thirty days, and 
the medical officer of the local government of 
England, in the twenty-fourth annual report, 
points out the danger of many of the oyster beds 
from the sewage pollution on the English coast, 
all of which indicates that even this newly dis- 
covered source of danger must be properly 
guarded against. i 
On the whole, Dr. Kober believes it may be 
concluded that sewage farming for economic rea- 
sons should be recommended for all localities 
where the grade will admit of the sewage being 
carried to lower lands. In sections of this coun- 
try not adapted to farming and where land is 
scarce and expensive, purification of sewage by 
intermittent filtration should be adopted; in com- 
munities where land is so scarce that even inter- 
mittent filtration is impracticable chemical pre- 
cipitation gr sedimentation; the bacterial or septic 
tank with Dilden’s bacteria filters should also be 
considered. : 
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It is a matter of great satisfaction to know 
that within the past 15 years over one hunderd 
communities in the United States have established 
plants for the disposal of sewage. In 1901 Dr. 
Kober published a tabulated list of 93 communi- 
ties. In 1904 Mr. Geo. W. Fuller published a list 
of 114 towns and cities of over 3,000 population. 
A summary of the different types of sewage puri- 
fication is given in Table 4: 


TABLE 4.—SUMMARY OF TYPES OF SEWAGE PURIFICATION. 


Number of Estimated 
plants. population. 
Lopate ake RAG RANE aban 6 sc uNdan on 14 200,000 
Intermittent sand filtration........ 41 250,000 
Chemical precipitation............. 8 320,000 
Chemical treatment by Power’s 
Patent stator. we.se Mone eerie s 125,000 
Sedimentation (including grit cham- 
ers and receiving basins).... 3 8,000 
Strainers or roughing filters....... 4 20,000 
Coarse grained filters: at high rates 10 95,000 
Septic’ treatmenitis......)-m oem erates clers 29 160.000 
114 1,178,000 


The first attempt in the establishment of a 
sewage farm in this country was made at the 
Augusta (Me.) State Insane Asylum in 1872. 
Among the more prominent and successful sew- 
age farms Dr. Kober mentioned Brockton and 
South Framingham, Mass.; Bristol, Conn.; Plain- 
field, N. J.; Altoona and Wayne, Pa.; Pullman, 
Ill.; Hastings, Neb.; Colorado Springs, Colo.; 
Salt Lake City, Utah; Helena, Mont.; Phcenix, 
Ariz.; Fresno, Los Angeles, Pasadena, Redding 
and Santa Rosa, Cal. 

The primary object of sewage disposal is the 
prevention of water-borne diseases, although the 
economic aspect should not be lost sight of, es- 
pecially since it has been shown that this method 
alone cannot be relied upon, as instanced by the 
cholera epidemic at. Hamburg, and the typhoid 
fever epidemics at Cumberland, Plymouth and 
elsewhere, where the dejecta of a single patient 
were sufficient to cause the mischief; hence pre- 
vention of river pollution must be supplemented 
by filtration of the water supply on a large scale. 

The relation between. typhoid death-rates and 
various water supplies, grouped according to the 
character of their source, is given in Diagram 7, 
which shows conclusively that the European 
cities, who not only prevent pollution of rivers 
but also filter their water, enjoy the lowest typhoid 
fever rates. 


A Larce IrriGATION PumMPING STATION has been 
built on an island at Divi, Madras Presidency, 
India, to supply water to an ultimate development 
of 80,000 acres. The equipment consists of eight 
39-in. centrifugal pumps, each direct-connected to 
160-h.-p. two-cylinder Diesel engines. The pumps 
operate at 180 r.p.m. and discharge 73 cu. ft. 
per second with a lift of 12 ft. Twog9-h.-p. engines 
operate two plunger pumps for pumping the liquid 
fuel, two pumps for cooling water and two 
vacuum pumps for filling the main pumps. The 
liquid fuel is brought from Madras, 225 miles 
by rail and 42 miles by canal and river, and is 
stored in two steel tanks having a total capacity 
of 269 tons. The engines are*supplied by gravity 
from a service reservoir on the roof, the reser- 
voir being filled from the storage tanks by the 
auxiliary pumps. The area irrigated is now de- 
veloped to the extent of 50,000 acres. It lies so 
low that heavy banks were necessary to prevent 
destruction by the excessively heavy floods, which 
at certain seasons had formerly submerged the 
island. The supply channel from the river has 
sluice gates at two levels, the lower level gates 
leading to the suction culverts under the pump 
room and the higher level gates directly to the 
main distributing canals. The lower gates are 
used in the dry season when pumping is necessary, 
and the upper gates during the flood season, when 
irrigation is by gravity. The subsoil was quite 
soft and it was necessary to found the engine 
house on a solid block of masonry in order to 
carry the heavy machinery with safety. 


JuNE 6, 1908. 
A Tall Concrete Smelter Chimney. 


In an article referring to the arrangement of 
waste-heat boilers at the smelting plant of the 
Colusa-Parrott Mining & Smelting Co., at Butte, 
Mont., that was published in The Engineering 
Record for July 6, 1907, reference was made to 
a tall concrete chimney that had been built for 
the operation of these boilers in connection with 
a long settling chamber. This chimney is of in- 
terest in that the gases handled, while of low 
temperature are corrosive, and that it stands on 
a foundation of slag from the smelters. The 
chimney was built to serve a group of three 
copper-matte furnaces, which were formerly oper- 
ated with tall steel stacks. As these furnaces 
were later fitted with waste-heat boilers for re- 
claiming a portion of the heat of the waste gases, 
a taller stack became necessary to produce draft 
sufficient for their satisfactory operation. With 
the present arrangement, the furnaces discharge 
their gases through the waste-heat boilers to a 
brick flue, about 12 x 14 ft. in section, which is 
elevated over the slag tracks and 16 ft. distant 
from the tapping holes. This flue is in turn 
connected to the stack through a large settling 
chamber, which is about 50 ft. wide, 19 ft. high 
inside and several hundred feet in length, for the 
purpose of effecting the settlement of the metal- 
bearing dust that would otherwise be carried to 
waste out of the chimney, but is, by reason of its 
settlement and reclamation, the source of consid- 
erable additional revenue to the company. With 
the low temperature of the issuing gases thus 
caused, the gases leaving the waste-heat boilers 
at a temperature of not over 500 deg. Fahr., it 
was necessary to erect a tall chimney in order to 
provide sufficient draft for the furnaces, as well 
as also to deliver thé corrosive fumes at such 
an elevation as to minimize their effect on the 
surrounding community and on vegetation in the 
vicinity. For the latter purposes a 350-ft. con- 
crete chimney, with 18 ft. inside diameter, was 
designed and erected for the smelting company 
by the Weber Steel-Concrete Chimney Co., now 
The Weber Co., of Chicago, Ill., which chimney 
is one of the tallest that has been built of this 
construction. 

The chimney follows in general form the usual 
Weber practice, consisting of a lower straight 
cylindrical shell resting on a square base, with 
an offset at the top of the lining course, above 
which it rises as a straight cylinder of slightly 
diminished diameter to the top. The lower sec- 
tion, which is 101% ft. in height from the top of 
the base to the top of the offset, is a shell 21 ft. 
in outside diameter and 9g in. in thickness, within 


_which there is a 5-in. lining shell that is separated 


t 


from the outer shell by a 4-in. air space. The 
upper section, which is 231 ft. in height above the 
top of the offset, has a wall thickness of 7 in., 
and overhangs the lining course so that its bore 
is in line with that of the lining shell. The chim- 
ney has, in the lower section immediately above 
the base, two flue openings on opposite sides, 
each 8 ft. wide by 18 ft. high, and up to the level 
of the top of these openings, the outer shell and 
lining are built together, the air space between 
them beginning at this point. 

An interesting feature of the construction of 
this chimney was the use of slag from the matte 
furnaces of the smelters for the foundation 
blocks. An enormous mass of this material was 
formed on the site of the stack by pouring in 
molten slag from the smelters; this mass was 
made to cover a very much larger area of ground 
than the base of the stack and was stepped off 
at the edges in forming. It has an average depth 
of 12 ft. and contains reinforcements of. steel 
rods around which the slag was poured while in 
molten state. The latter was used more for the 
purpose of tying the different courses together 


than for stiffening the mass, the material, while 
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rather brittle and friable, possessing ample 
strength for the purpose and by the use of a 
waste product of the smelters, furnishing a very 
cheap foundation. 

The base of the stack which is a low block of 
reinforced-concrete was spread to a bearing area 
42% ft. square to give a bearing pressure upon 
the slag foundation of less than 2,500 lb. per 
square foot; it rises as a square block for a 
height of 5 ft. above the foundation, while the 
upper 3 ft. of its height is a truncated pyramid. 
This base was formed of a 1:3:5 mixture of con- 
crete and is reinforced in its lower face by two 
parallel nets of 1% x 1% x 3/16-in. tee-bars; the 
lower net work consists of two layers of 13 bars 
each, 12 in. above the bottom face, arranged hori- 
zontally on either diagonal from corner to corner 
for strengthening the corners and spaced on, 12- 
in. centers, while the upper net-work consists of 
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Details of the Smelter Chimney. aes 


two layers of 20 bars each, arranged parallel to the 
sides of the base and equally spaced, the upper 
net-work being located about 36 in. above the 
lower net-work, 

The vertical reinforcement of: the chimney 
shaft, by means of which the bending forces 
caused by wind pressure are provided for, is in 
the Weber construction, extended into the base, 
being in the case of this chimney, as shown in 
the detail drawing of the base, carried in part 
down to a toe resting on the foundation block 
and in part, diagonally out to the edges of the 
base. For this reinforcement, 114 x 114 x 3/16-in. 
tee bars were used, as used in the base, for both 
the outer shell and the lining, for reason of the 
greater adjoining area for adhesion to the con- 
crete than round or square rods. These bars are 
all inserted in the center of the shell section, 
there being 460 of the vertical bars in the first 
course of the outer shell, which bars extend up 
to a point 14%4 ft. above the top of the base, the 
number of bars decreasing above this point in 
to-ft. steps to a minimum number of 20 bars at 
the top. The decrease is by 20 bars to a step for 
the greater part, varying, however, in certain 
cases; at a point 120 ft. below the top, 4o bars 
are continued for 20 ft., thence 30 bars for 25 ft., 
while the remaining upper 75 ft. have 20 bars for 
the entire distance. The vertical bars are ar- 
ranged in groups and joinings in continuous 
lines are arranged as irregular as possible in or- 
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der to prevent many joints at one level. The 
vertical reinforcement of the lining, which is ex- 
tended down but 2 ft. below the top of the base, 
except over the flue openings, consists of 20 ver- 
tical bars, all of which are carried up practically 
to the top of the lining. The reinforcement over 
the flue openings consists of extra rings and ver- 
ticals, together with additional concrete in the 
air space which is filled 18 to 20 in. over them. 

The vertical reinforcement is stayed laterally 
by steel rings formed of 34-in. round steel rods, 
bent to the proper circle and lapped at least 
24 in., encircling the vertical bars at regular 
intervals. These rings are spaced 18 in. between 
centers in the lining and on 3-ft. centers in the 
outer shell, excepting for the first 20 ft. above 
the base, where, in the section around the flue 
openings that are without the air space, there are 
segments of the rings only, spaced 12 in. on cen- 
ters. At the offset and in the head of the chim- 
ney, however, extra rings were placed - to 
strengthen the shell at the change of section. 

The concrete mixture for both the lining and 
the shell was formed of 1 part of Portland 
cement to 3 parts sand. It was machine mixed 
and well tamped by hand into the forms, which 
are of the special type used by the Weber Co. in 
the construction of its chimneys, by means of 
which the entire work of erection is done from 
the inside with no outside scaffolding. 

In the calculations for the amounts of reinforc- 
ing steel necessary to provide for the bending 
stresses caused by wind pressure, a wind velocity 
of 100 miles per hour was provided for, which 
corresponds to a pressure of 50 lb. per square 
foot of flat surface, or 25 lb. per square foot on 
the projected area of the cylindrical surface. 
The stresses were analyzed at three sections in 
the outer shell, one at the top of the flue open- 
ings, the point at which the air space between the 
outer shell and the lining begins; the second a 
short distance below the offset, and the third at 
the top of the offset, where the single outer sheil 
of decreased diameter begins. Considering first 
the shell with reference to the lowest section, the 
maximum total of wind presstre upon the struc- 
ture above it, based on a pressure of 25 lb. per 
square foot of projected area of the shell was 
calculated at 154,522 lb., giving a wind moment at 
this section of 23,856,332 ft.-lb. The moment of 
resistance to tension in the shell, taken as the 
product of the radius of the neutral core into 
the calculated weight of the outer shell above this 
section (1,777,401 lb.), was figured at 8,709,265 
ft.-lb., so that the resulting bending moment, the 
difference between the wind moment at this sec- 
tion and the moment of resistance to tension, is 
equal to-15,147,067 ft.-lb. The maximum tension 
per square inch in the shell at this section, which 
was taken as 12 times the quotient of the above 
bending moment by the section modulus at this 
point, was accordingly calculated as 451.5 Ib., 
from which the total maximum tension in the 
shell at this section (area of section in square 
inches times tension per square inch) was found 
to be 3,101,913 Ib. Upon this total maximum 
tension the total amount of steel reinforcement 
was based, the maximum allowable stress in the 
steel being taken as 16,000 lb. per square inch, 
which thus made 193.9 sq. in. of steel necessary. 
As the 14 x 1% x 3/16-in. tee-bars have a cross- 
sectional area of 0.45 sq. in., the number of bars 
theoretically required will be 431; instead, 460 
bars were used at this section. The maximum 
compression at this section was determined as 
the sum of the pressure per square inch on the 
section due to the weight of the shell above it, 
and the maximum tension per square inch in the 
shell due to wind pressure, which was calculated 
at 710 lb. per square inch. 

In the determination of the theoretical length 
necessary for each side of the square base, it 
was necessary to determine the wind moment at 
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the base of the chimney, the quotient of which 
divided by the total weight of the chimney and 
multiplied by 6 gives the length desired. The 
wind moment at the base was calculated as the 
product of the total maximum wind pressure on 
the entire shell by the arm of wind moment at 
the top of the foundation, or 27,860,317 ft.-lb., 
the arm of wind moment at this point being the 
distance of the lowest section above foundation 
level, 26 ft., plus the arm of wind moment as re- 
ferred to that section, which is 108.3 ft. This 
value of the moment applied to the above formu- 
las gives the theoretical length at the side of the 
base as 40.4 ft., but for an ample factor of safety, 
the base was made 421% ft. square. 

A similar method of calculation was used for 
the determination of the number of vertical re- 
inforcing bars at both of the upper sections con- 
sidered, although amounts of steel considerably 
in excess of that calculated to be necessary were 
used. At the middle section, which is taken at a 
point 81% ft. above the top of the base and 20 ft. 
‘below the top of the offset, the theoretical re- 
quirement was for 242 of the vertical tee-bars, 
while in actual construction 300 bars were used 
at this point. Similarly at the upper section, 
which was taken at the top of the offset, 232 bars 
were found to be required theoretically, whereas 
260 were used in the construction. The weight 
of the chimney above the base, including lining, 
was calculated on the basis of 150 lb. per cubic 
foot for reinforced concrete, to be 2,273,445 lb.; 
that of the base was similarly calculated as 1,869,- 
994 lb., so that the total weight upon the founda- 


tion is 4,143,439 lb., a bearing pressure of 2,302 Ib. _ 


per square ft. 


Letters to the Editor. 


‘TREATMENT OF RAILROAD TIES AND MATERIALS 
AVAILABLE FOR THIS PURPOSE IN NEW JERSEY, 
PENNSYLVANIA AND NEW York. 

Sir:—The article on the above subject, pre- 
pared by the writer and published in The Engi- 
neering Record for April’ 20, 1907, contains two 
slight errors to which Mr. Octave Chanute, of 
‘Chicago, has kindly= called my attention, and 
since this article has apparently received consider- 
able attention, you will doubtless be willing to 
‘correct the errors that have been made. The first 
correction referred to applies to paragraph “E” 
at the bottom of page 484 of that issue; if is evi- 
dent that the statement of “one-half pound per 
cubic foot” made in this paragraph is in error, 
since for a tie 7 x 9 in. by 8% ft., containing 3.72 
cu. ft., there will be about 1 1/3 lb. of oil per cubic 
foot, and for a somewhat smaller tie, the quan- 
tity would run about 1% lb. per cubic foot. On 
second reading, it is apparent that the writer’s 
intention was that this should read “about 1% 
lb. per cubic foot.” In regard to the other point, 
Mr. Chanute has called attention to a statement 
made regarding the Zinc-Creosote Process used 
in Germany. According to the article, zinc- 
chloride is first injected and then the creosote is 
added by a second operation. Mr. Chanute states 
that the German concern using this process had 
faithfully tested the separate method, but had 
never been able to accomplish uniform results in 
that manner. This concern says that the only 
way to use the zinc-creosote process and get good 
results is to inject both substances simultaneously 
in an emulsion. Since Mr. Chanute is specially 
well posted on this subject, he is, no doubt, correct 
in his criticism in this connection. 

Very truly yours, 
L. Busu, Chief Engineer, 
Delaware, Lackawanna & Western R. R. 
Hoboken, N. J., May 28. 


GARBAGE DISPOSAL IN CLEVELAND. 


Sir:—The description of the design and oper- 
ation of the garbage-disposal works in Cleveland 
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that was printed in The Engineering Record of 
May 23 contains much that is of more than or- 
dinary interest to municipal officials who have to 
do with similar works. Practically every city of 
any size in this country has had at least one 
sorrowful experience in regard to the provision 
of works to dispose of municipal wastes, and 
several of the larger cities have made various in- 
effectual attempts to devise some means of 
economically handling garbage and refuse. As a 
result, the mere mention of an advance in the 
design and operation of such works is usually as 
odious as the fumes that generally emanate from 
some of the latter. The highly satisfactory results 
obtained in the Cleveland plant will, therefore, 
naturally be received with some skepticism; but 
those engineers who have been fortunate enough 
to visit this plant, and a number have been afford- 
ed the opportunity, appreciate how carefully the 
details of its equipment have been developed and 
the business-like manner in which it is operated. 
Furthermore, this plant has received much ex- 
tended study on the part of engineers for several 
cities in different parts of the country and, I 
understand, at least two cities, with prospect of 
one other, have designed plants similar to this 
one, with others apparently certain to follow. At 
the same time, the daily press at large has given 
considerable publicity to the results obtained. 
This latter phase of the situation may have one 
unfortunate outcome: the results obtained with 
the Cleveland plant, as featured by the different 
local papers, may lead the layman to believe that 
the methods used in that plant are a panacea for 
garbage troubles in all parts of the country, 
whereas it is perfectly evident that each individual 
case must be treated according to the conditions 
existing in connection with it, although the Cleve- 
land results will furnish a good basis from 
which to start. It is quite certain, however, that 
an appreciation of this condition is realized by 
engineers. Very truly yours, 


Chicago, May 28. TER Se Abe 


HE BLACKWELL’S ISLAND BRIDGE. 
THE B WELL’s I B 


Str: The last two issues of your paper have 
taken the right position in respect to the unwar- 
ranted charges made concerning the Blackwell’s 
Island Bridge, but it occurs to me that your com- 
ments have not been sufficiently detailed to give 
all the facts which a reader not directly interested 
in long-span bridge design may wish. I have ac- 
cordingly ventured to send you the following 
statement of facts: 

The original designs for this bridge were made 
by the Department of Bridges of New York City, 
under the direction of Mr. Gustav Lindenthal, 
when he was Commissioner of Bridges. After 
the contracts had been awarded and a portion of 
the substructure had been built, but before the 
superstructure was commenced, Mr. Lindenthal’s 
official association with the work terminated. The 
new administration of the Department made a 
careful examination of the computations and 
plans, and reached the conclusion that abundant 
provision should be made for a material increase 
in the traffic over the structure. It was decided 
to provide for eight instead of six tracks on the 
superstructure, although it is not contemplated 
that the two additional ones will be needed at 
present. The design was accordingly revised to 
provide for this increase, but the changes were in 
no sense radical and did not alter the length, 
width, general dimensions or appearance of the 
superstructure. The added weight in the super- 
structure was due chiefly to the new tracks and 
to the steel required to provide for a correspond- 
ing increase in the strength of the trusses, the unit 
stresses of the latter being maintained as specified 
in Mr. Lindenthal’s design. 

The computations for this bridge, like those for 
other great bridges in New York, distinguished 
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between probable loads and possible loads. In 
providing for the. former conservative methods 
were used, and in providing for the latter care 
was taken to follow safe methods in determining 
and providing for the possible stresses that lie 
beyond the limits of reasonablé expectation. In 
order to develop the highest possible unit stresses, 
certain portions of the span must be loaded to 
their utmost capacity on each of the eight tracks 
for long distances, while other intermediate por- 
tions must be entirely without any load. It is 
possible in this way to figure the theoretically 
possible stresses which have been provided for 
and are considerably in excess of those that would 
arise through the complete loading of all tracks 
of the whole structure. Obviously it is not be- 
lievable that such traffic conditions will arise, 
either accidently or intentionally, but should they 
occur, the structure is calculated to have abundant 
strength under the stresses developed. 

Considerable emphasis has’ been laid by news- 
paper critics on the statements that the allowed 
unit stresses in the bottom chords of the bridge 
are greater than those under which failure oc- 
curred in the Quebec Bridge. Such a statement 
is very mischievous in the misleading effect it is 
likely to have among laymen. Every structural 
engineer realizes that two columns made from 
identically the same material may have a safe 
strength varying 100 per cent. or more according 
to their design. A compression chord member of 
a given length, width and cross-sectional area 
may have a perfectly safe working stress of 
20,000 Ib. per square inch and another one of the 
same length, weight and cross-sectional area may 
be so designed that its safe working strength is 
not more than 10,000 lb. per square inch and it 
may fail at 15,000 or 20,000 lb. The case is the 
same as that of an imperfect rope which can 
easily be seen to break under a small load if it is 
so imperfectly twisted that first one strand and 
then another successively breaks without ever giv- 
ing them an opportunity to act together as a 
whole. 

The published assertion that the design of .the 
bottom chords in the Blackwell’s Island Bridge is 
distinctly inferior to that in the Quebec Bridge is 
unwarranted. The great element of weakness in 
the Quebec Bridge chord was the use of light lat- 
tice bars to connect the multiple webs. In the 
Blackwell’s Island Bridge, latticing and tie-plates 
between the webs are supplemented by numerous 
heavy vertical transverse diaphragms which 
greatly increase the efficiency of the webs and de- 
velop much larger compressive strength in the 
finished member. The computations for the 
bridge have been checked and revised by different 
engineers in the Bridge Department and by the 
competent engineers of the contractor. These 
have been again scrupulously verified since the 
Quebec Bridge disaster, leaving no reasonable 
ground to doubt in any way the safety and effi- 
ciency of the structure under any of the condi- 
tions for which it has been designed. . 

That the erection of the great span has now 
been substantially completed, that the enormously 
increased temporary stresses due to the 625-ton 
traveler at the extremity of the cantilever arm, 
involving a tremendous moment which can never 
be repeated, have been endured without the slight- 
est injury to the structure; that the connections 
between the cantilever arms have been success- 
fully made, thus completing the crucial test which 
the Quebec Bridge unfortunately failed to sus- 
tain; that the deflections of the bridge are as 
theoretically calculated, thus verifying the com- 
putation; and that there are no evidences of 
weakness or distress in any of the members, 
although subject now to a large proportion of the 
stresses due to dead load, are sufficient assurance 
for the safety and integrity of the structure, the 
excellence of material, accuracy of workmanship 
and correctness of design. CHEE 


